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I. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Patent Application Serial No. 09/941,992 recorded 
November 16, 2001, at Reel 012176 and Frame 0450. 

II. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to antibodies to a polypeptide 
referred to herein as "PR01281." There exist two related patent applications, (1) U.S. Patent 
Application Serial No. 09/989,726, now Patent No. 7, 018, 811, issued 03-28-2006 (containing 
claims directed to nucleic acids encoding PR01281 polypeptides), and (2) U.S. Patent 
Application Serial No. 09/993,604, filed November 14, 2001 (containing claims directed to 
PR01281 polypeptides). The related U.S. Patent Application Serial No. 09/993,604 application 
is also under final rejection by the same Examiner, and based upon the same outstanding 
rejections, is being appealed independently and concurrently herewith. 

III. STATUS OF CLAIMS 

Claims 1 19-121 and 123 are in this application. 
Claims 1-118, 122 and 124 have been canceled. 

Claims 119-121 and 123 stand rejected and Appellants appeal the rejection of these 

claims. 

IV. STATUS OF AMENDMENTS 

A summary of the prosecution history for this case is as follows: 
Previously, in response to a Final Office Action mailed on August 11, 2005, a Notice of 
Appeal was filed on October 28, 2005 and an Appeal Brief was filed on January 26, 2006. An 
Examiner's Answer was mailed on February 28, 2006, a Reply Brief was filed on April 11, 2006. 
An RCE Response with additional references and affidavits supporting Appellants' arguments 
was filed on August 2, 2006. A Final Office Action was mailed on September 6, 2006 and a 
Notice of Appeal was filed December 1, 2006. 

No claim amendments have been submitted after the last final rejection of September 6, 

2006. 
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All previous amendments have been entered. A copy of the rejected claims in the present 
Appeal is provided as Appendix A. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated antibody and 
antibody fragments that specifically binds to the polypeptide of SEQ ED NO: 326 (Claim 1 19), 
referred to in the present application as "PR01281." The invention is further directed to 
monoclonal antibodies (Claim 120), humanized antibodies (Claim 121), and labeled antibodies 
(Claim 123) that specifically bind to the polypeptide of SEQ ID NO: 326. The PR01281 gene 
was shown for the first time in the present application to be significantly amplified in human 
colon cancers as compared to normal, non-cancerous human tissue controls (Example 170). 

Support for the preparation and uses of antibodies is found throughout the specification, 
including, for example, pages 390-395. The preparation of antibodies is described in 
Example 144, while Example 145 describes the use of the antibodies for purifying the 
polypeptides to which they bind. Isolated antibodies are defined in the specification at page 315, 
line 3 1 . Support for monoclonal antibodies is found in the specification at, for example, 
page 390, line 17, to page 392, line 3. Support for humanized antibodies is found in the 
specification at, for example, page 392, line 4, to page 393, line 6. Support for antibody 
fragments is found in the specification at, for example, page 314, line 30 onwards. Support for 
labeled antibodies is found in the specification at, for example, page 316, lines 3. 

The amino acid sequence of the native "PROl 281 " polypeptide and the nucleic acid 
sequence encoding this polypeptide (referred to in the present application as "DNA59820-1549") 
are shown in the present specification as SEQ ID NOs: 326 and 325, respectively, and in 
Figures 233 and 232, described on page 299, lines 9-12. The full-length PR01281 polypeptide 
having the amino acid sequence of SEQ ID NO: 3 26 is described in the specification at, for 
example, on page 31 and pages 209-21 1 and the isolation of cDNA clones encoding PR01281 of 
SEQ ID NO:326 is described in Example 102, page 485-486 of the specification. 

Finally, Example 170, in the specification at page 539, line 19, to page 555, line 5, sets 
forth a 'Gene Amplification assay' which shows that the PRO 1281 gene is amplified in the 
genome of certain human colon cancers (see Table 9, page 554). The profiles of various primary 
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colon tumors used for screening the PRO polypeptide compounds of the invention in the gene 
amplification assay are summarized on Table 8, page 546 of the specification. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1. Whether Claims 1 19-121 and 123 are entitled to the priority date of based on a 
proper priority claim to U.S. Provisional Patent Application Serial No. 60/141037, filed 
June 23, 1999. 

2. Whether Claims 119-121 and 123 satisfy the utility/ enablement requirement 
under 35 U.S.C. §§101/1 12, First Paragraph. 

3. (a) Whether Claims 119-121 and 123 are anticipated under 35 U.S.C. § 102(b) 
by Baker (WO99/63088 - dated December 1999). 

(b) Whether Claims 119-121 and 123 are anticipated under 35 U.S.C. § 102(a) 
by Tang (WO 01/53312 - dated July 2001). 

4. Whether Claims 119-121 and 123 are patentable under 35 U.S.C. § 103(a) over 
Weimann (2001) in view of Tang et al. (WO 01/53312 - dated July 2001). 

Although Rejections 3 and 4 are not stated in the Final Office action of September 6, 
2006, the Examiner did not explicitly indicate that these previous rejections were withdrawn, 
therefore Appellants have included these rejections herein. 

VII. ARGUMENTS 
Summary of the Arguments: 

Issue 1: U.S. Provisional Patent Application Serial No. 60/141,037 Provides Proper Priority 
Claim for Instant Application 

The instant application has not been granted the earlier priority date on the grounds that 
the 60/141037 application fails to provide utility under 35 U.S.C. §101. For the same detailed 
reasons discussed below under Issue 2 (utility) for the instant application, Appellants maintain 
that the results of the gene amplification assay for PR01281 was sufficiently disclosed in U.S. 
Provisional Patent Application Serial No. 60/141,037, filed June 23, 1999, to which proper 
priority has been claimed in this application. Hence, the present application should be entitled to 
at least the priority date of June 23, 1999 for the instant application. 

-4- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/997,542 
Attorney's Docket No. 39780-2730 P1C26 



Issue 2: Utility/ Enablement 

Appellants rely upon the gene amplification data of the PR01281 gene for patentable 
utility of the PRO 1281 polypeptides. This data is clearly disclosed in the instant specification in 
Example 170 which discloses that the gene encoding PRO 1281 showed significant amplification, 
ranging from 2.099 fold to 2.219-fold in different colon primary tumors . 

Appellants have submitted, with their Response filed , the Declaration by Dr. Audrey 
Goddard, which explains that a gene identified as being amplified at least 2-fold by the disclosed 
gene amplification assay in a tumor sample relative to a normal sample is useful as a marker for 
the diagnosis of cancer , for monitoring cancer development and/or for measuring the efficacy of 
cancer therapy. Therefore, one of ordinary skill would find it credible that the claimed PRO 1281 
polypeptides have utility as markers for the diagnosis of lung tumors . Appellants further 
submitted a vast number of references from the art as well as Declarations, written by experts in 
the field of oncology, during prosecution (for example, see Items 2-4: Declarations by Dr. 
Ashkenazi and Dr. Polakis (I and II); and Items in Evidence Appendix), that collectively show 
that, in general, if a gene is amplified in cancer, it is more likely than not that the encoded protein 
will be expressed at an elevated level. For instance, the articles by Orntoft et al , Hyman et al, 
and Pollack et al. (made of record in Appellants' Response filed June 4, 2004) collectively teach 
that in general, gene amplification increases mRNA expression . Second, the Declarations by Dr. 
Paul Polakis (Polakis I and II) (made of record in Appellants' Response filed June 4, 2004 and 
August 2, 2006 respectively), principal investigator of the Tumor Antigen Project of Genentech, 
Inc., the assignee of the present application, shows that, in general there is a correlation between 
mRNA levels and polypeptide levels . Therefore, Appellants submit that the PR01281 
polypeptide is useful as a marker for the diagnosis of colon cancer , and for monitoring cancer 
development and/or for measuring the efficacy of cancer therapy. 

However, the Examiner asserted in the Final Office Action mailed September 6, 2006 
that amplification of the PRO 1281 polynucleotide does not impart a specific, substantial, and 
credible utility for the PRO 1281 polypeptide or its antibodies. In support of this assertion, the 
Examiner cited further references by Lilley et al, King et al, Wildsmith et al. 
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Appellants submit, as discussed in greater detail below, that the teachings of Lilley et al, 
King et al, Wildsmith et al. do not refute the Appellants position, and in fact, supports the 
general conclusion that correlation between mRNA and protein levels exists. 

Further, based on the ample evidence (more than 100 references) submitted, the 
Declarations of Dr. Paul Polakis (Polakis I and II made of record in Appellants' Response filed 
June 4, 2004 and in August 2, 2006 respectively), Appellants submit that there is, in general 
good correlation between DNA and mRNA levels and polypeptide levels . 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip arrays in 2004 alone. Clearly, the research community believes that 
the information obtained from these chips is useful {i.e., that it is more likely than not 
informative of the protein level). 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is a correlation between DNA, mRNA, 
and polypeptide levels, these instances are exceptions rather than the rule . In the majority of 
amplified genes , as exemplified by Orntoft et al, Hyman et al, Pollack et al. and other 
references, the Polakis Declaration and the widespread use of array chips, the teachings in the art 
overwhelmingly show that gene amplification influences gene expression at the mRNA and 
protein levels . Therefore, one of skill in the art would reasonably expect in this instance, based 
on the amplification data for the PRO 1281 gene, that the PRO 1281 polypeptide is concomitantly 
overexpressed. Thus, the claimed antibodies to PR01281 polypeptides also have utility in the 
diagnosis of cancer. 

Appellants further submit that even if there were no correlation between gene 
amplification and increased mRNA/protein expression, (which Appellants expressly do not 
concede), a polypeptide encoded by a gene that is amplified in cancer would still have a specific, 
substantial, and credible utility. Appellants submit that, as evidenced by the Ashkenazi 
Declaration and the teachings of Hanna and Mornin (both made of record in Appellants' 
Response filed June 4, 2004), simultaneous testing of gene amplification and gene product over- 
expression enables more accurate tumor classification , even if the gene-product, the protein, is 
not over-expressed. This leads to better determination of a suitable therapy for the tumor, as 
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demonstrated by a real-world example of the breast cancer marker HER-2/neu. Accordingly, 
Appellants submit that when the proper legal standard is applied, one should reach the 
conclusion that the present application discloses at least one patentable utility for the claimed 
PRO 1281 polypeptides and its antibodies thereof. 

Accordingly, one of ordinary skill in the art would also understand how to make and use 
the recited antibodies for the diagnosis of colon cancer without any undue experimentation. 

Issue 3a: Anticipation Under 35 U.S.C. §102(b) by Baker (WO99/63088 - Dated 
December 1999) 

For the reasons discussed under Issue 2 on utility, Appellants believe that they have 
priority to U.S. Provisional Patent Application Serial No. 60/141,037, filed June 23, 1999, to 
which a proper priority claim has been made and which discloses the gene amplification assay 
results for the PR01281 gene. Therefore, Baker et al. is not prior art. 

Issue 3b: Anticipation Under 35 U.S.C. S102(a) by Tang (WO 01/53312- Dated July 2001) 

For the reasons discussed under Issue 2 on utility, Appellants believe that they have 
priority to U.S. Provisional Patent Application Serial No. 60/141,037, filed June 23, 1999, to 
which a proper priority claim has been made and which discloses the gene amplification assay 
results for the PRO 1281 gene. Therefore, Tang et al. is not prior art: 

Issue 4: Patentability Over Weimann (Dated 2001) in View of Tang et al. (WO 01/53312 - 
Dated July 2001) 

For the reasons discussed under Issue 2 on utility, Appellants believe that they have 
priority to US. Provisional Patent Application Serial No. 60/141,037, filed June 23, 1999, to 
which a proper priority claim has been made and which discloses the gene amplification assay 
results for the PRO 1281 gene. Therefore, neither Weimann et al. nor Tang et al. are prior art. 

These arguments are all discussed in further detail below under the appropriate headings. 

Response to Rejections 

ISSUE 1. Claims 119-121 and 123 are Supported by a Proper Priority Claim to U.S. 
Provisional Patent Application Serial No. 60/141,037 

The instant application has not been granted the earlier priority date on the grounds that 
the 60/141037 application fails to provide utility under 35 U.S.C. §101. For the detailed reasons 
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discussed below under Issue 2, Appellants maintain that they rely on the gene amplification 
assay for patentable utility which was first disclosed in U.S. Provisional Patent Application 
Serial No. 60/141,037, filed June 23, 1999, priority to which has been claimed in this 
application. Hence, the present application is entitled to at least the priority date of 
June 23, 1999. 

ISSUE 2. Claims 119-121 and 123 are Supported by a Credible, Specific and Substantial 
Asserted Utility, and Thus Meet the Utility Requirement of 35 U.S.C. SS101/112, First 
Paragraph 

The sole basis for the Examiner's rejection of Claims 1 19-121 and 123 under this section 
is that the data presented in Example 170 of the present specification is allegedly insufficient 
under the present legal standards to establish a patentable utility under 35 U.S.C. §101 for the 
presently claimed subject matter. 

Claims 119-121 and 123 stand further rejected under 35 U.S.C. §112, first paragraph, 
allegedly "since the claimed invention is not supported by either a specific and substantial asserted 
utility or a well established utility for the reasons set forth above, one skilled in the art clearly would 
not know how to use the claimed invention." 

Appellants strongly disagree and respectfully traverse the rejection. 

A. The Legal Standard For Utility Under 35 U.S.C. $101 

According to 35 U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, 
or composition of matter, or any new and useful improvement thereof, may obtain 
a patent therefor, subject to the conditions and requirements of this title. 
(Emphasis added). 

In interpreting the utility requirement, in Brenner v. Manson, the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent Applicant disclose a "substantial utility" for his or 

2 

her invention, i.e., a utility "where specific benefit exists in currently available form." The 

' Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 
2 Id. at 534, 148 U.S.P.Q. (BNA) at 695. 
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Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 

3 

commerce rather than the realm of philosophy." 

4 

Later, in Nelson v. Bowler, the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The Court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 

utility." 5 

In Cross v. Iizuka, 6 the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e., there is a reasonable correlation there between." 7 The Court perceived, "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 

8 

practical utility." 

The case law has also clearly established that Appellants' statements of utility are usually 

9 

sufficient, unless such statement of utility is unbelievable on its face. The PTO has the initial 



3 Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

4 Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id at 856, 206 U.S.P.Q. (BNA) at 883. 

6 Cross v. Iizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 

7 Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 



9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 
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burden to prove that Appellants' claims of usefulness are not believable on their face. In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in 

11 12 

the art to question the objective truth of the statement of utility or its scope." ' 

Compliance with 35 U.S.C. §101 is a question of fact.' 3 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 

14 

totality of the evidence under consideration. Thus, to overcome the presumption of truth that 
an assertion of utility by the Applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 

("Utility Guidelines"),' 5 which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility," Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 

10 

Ibid. 

" In re Langer, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

12 See also In re Jolles, 628 F.2d 1322, 206 USPQ 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
USPQ351 (1965); In re Sichert, 566 F.2dll54, 1159, 196 USPQ 209, 212-13 (C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

M In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 
15 66 Fed. Reg. 1092(2001). 
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public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 
regard to defining a 'substantial' 'utility.'"' 6 Indeed, the Guidelines for Examination of 
Applications for Compliance With the Utility Requirement,' 7 gives the following instruction to 
patent examiners: "If the Applicant has asserted that the claimed invention is useful for any 
particular practical purpose . . . and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Appellants respectfully submit that the data presented in Example 170 starting on 
page 539 of the specification of the specification and the cumulative evidence of record, which 
underlies the current dispute, indeed support a "specific, substantial and credible" asserted utility 
for the presently claimed invention. 

Patentable utility for the PRO 1281 polypeptides is based upon the gene amplification 
data for the gene encoding the PR01281 polypeptide. Example 170 describes the results 
obtained using a very well-known and routinely employed polymerase chain reaction 
(PCR)-based assay, the TaqMan™ PCR assay, also referred to herein as the gene amplification 
assay. This assay allows one to quantitatively measure the level of gene amplification in a given 
sample, say, a tumor extract, or a cell line. It was well known in the art at the time the invention 
was made that gene amplification is an essential mechanism for oncogene activation. Appellants 
isolated genomic DNA from a variety of primary cancers and cancer cell lines that are listed in 
Table 9 (pages 539 onwards of the specification), including primary colon cancers of the type 
and stage indicated in Table 8 (page 546). The tumor samples were tested in triplicates with 
Taqman™ primers and with internal controls, beta-actin and GADPH in order to quantitatively 
compare DNA levels between samples (page 548, lines 33-34). As a negative control, DNA was 

' 6 M.P.E.P. §2107.01. 

17 M.P.E.P. §2107 11(B)(1). 
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isolated from the cells of ten normal healthy individuals, which was pooled and used as a control 
(page 539, lines 27-29) and also, no-template controls (page 548, lines 33-34). The results of 
TaqMan™ PCR are reported in ACt units, as explained in the passage on page 539, lines 37-39. 
One unit corresponds to one PCR cycle or approximately a 2-fold amplification, relative to 
control, two units correspond to 4-fold, 3 units to 8-fold amplification and so on. Using this 
PCR-based assay, Appellants showed that the gene encoding for PRO 1281 was amplified, that is, 
it showed approximately 1.07-1.15 ACt units which corresponds to 21-07 -2 !- 15 - fold 
amplification or 2.099 fold to 2.219-fold in different colon primary tumors . 

In support of their showing that these gene amplification values are significant, 
Appellants submitted, in the RCE filed July 22, 2005, a Declaration by Dr. Audrey Goddard. 
Appellants particularly draw the Board's attention to page 3 of the Goddard Declaration which 
clearly states that: 

It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is 
significant and useful in that the detected increase in gene copy number in the tumor 
sample relative to the normal sample serves as a basis for using relative gene copy 
number as quantitated by the TaqMan PCR technique as a diagnostic marker for the 
presence or absence of tumor in a tissue sample of unknown pathology. Accordingly, a 
gene identified as being amplified at least 2-fold by the quantitative TaqMan PCR assay 
in a tumor sample relative to a normal sample is useful as a marker for the diagnosis of 
cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. (Emphasis added). 

Accordingly, the 2.099-fold to 2.219-fold observed for PR01281 in the colon tumors would be 
considered significant and credible by one skilled in the art, based upon the facts disclosed in the 
Goddard Declaration. 

Further, any skilled artisan in the field of oncology would also appreciate that, not all 
tumor markers are generally associated with every tumor, or even, with most tumors. In fact, 
some tumor markers are useful for identifying rare malignancies . That is, the association of the 
tumor marker with a particular type of tumor lesion may be rare, or, the occurrence of that 
particular kind of tumor lesion itself may be rare. In either event, even these rare tumor markers, 
which may not give a positive hit with most common tumors, have great value in tumor 
diagnosis, and consequently, in tumor prognosis . The skilled artisan would know that such 
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tumor markers are very useful for better classification of tumors. Therefore, whether the 
PRO 1281 gene is amplified in colon in most tumors is not relevant to its identification as a tumor 
marker, or its patentable utility. Rather, whether the amplification data for PRO 1281 is 
significant is what lends support to its usefulness as a tumor marker. There the rejection 
indicating that the asserted utility is "not specific or substantial because the gene amplification 
observed is small" is not legally correct. It was well known in the art at the time of filing of the 
application that gene amplification, which occurs in most solid tumors like colon cancers, is 
generally associated with poor prognosis. Therefore, the PR01281 gene becomes an important 
diagnostic marker for identifying malignant colon cancers, even if the malignancy associated 
with PRQ1281 molecule is a rare occurrence . 

Taken together, even if the observed PR01281 gene amplification were due to 
chromosomal aneuploidy (which Appellants do not concede), such an observation would still 
support at least one utility for the PRO 1281 gene and therefore antibodies to PRO 1281 because it 
helps in identifying individuals at significantly increased cancer risk. Accordingly, the instant 
polypeptides, and their antibodies find utility as a diagnostic for colon cancer or for individuals 
at risk of developing colon cancer. 

C. A prima facie case of lack of utility has not been established 

As discussed above, the increase in DNA copy number for the PR01281 gene is 
significant. Further, the evidentiary standard to be used throughout ex parte examination of a 
patent application is a preponderance of the totality of the evidence under consideration. Thus, 
to overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement . of utility. Only after the Examiner has made a proper prima 
facie showing of lack of utility, does the burden of rebuttal shift to the Applicant. 

Accordingly, it is not a legal requirement to establish a necessary correlation between an 
increase in the copy number of the DNA and protein expression levels that would correlate to the 
disease state or that it is imperative to find evidence that DNA amplification is " necessarily " or 
"always" associated with overexpression of the gene product. Appellants respectfully submit 
that when the proper evidentiary standard is applied, a correlation must be acknowledged. 
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The Examiner had cited references like Pennica et al, Konopka et al., Haynes et al. and 
Hu et al. to show that gene amplification data cannot reliably predict protein levels. Appellants 
have argued the references in great detail throughout prosecution, and these arguments are 
incorporated by reference herein for brevity. Appellants summarize the rejections and the 
arguments submitted below. 

Appellants submit that, the teachings of references like Pennica et al. and Konopka et al. 
cited by the Examiner cannot support a general conclusion regarding correlation between gene 
amplification and mRNA or protein levels because the studies are directed towards a single gene 
or genes, and do not address genes in general. Appellants acknowledge that, in certain instances, 
DNA/ mRNA and protein levels do not correlate. In fact, Appellants have included additional 
references directed towards a single gene or genes in their IDS filed August 2, 2006, and have 
discussed these references in their Preliminary Amendment filed August 2, 2006, and these 
arguments are hereby incorporated by reference for brevity. In summary, Appellants submit and 
maintain that even though certain instances where DNA/ mRNA and protein levels do not 
correlate exist, in most cases , there is generally good correlation between DNA/ mRNA and 
protein levels, and this was conclusively demonstrated in the more than 100 references submitted 
by the Appellants in the IDS filed August 2, 2006. The IDS included references that studied 
single genes or gene families, multiple or large family of genes, and included studies that a wide 
variety of techniques, including gene amplification and microarray. Regardless of the techniques 
employed, by and large, increased genes/ transcripts levels mostly correlated with increased 
protein levels, even if accurate predictions of proteins could not be made. 

The Examiner had also cited Haynes et al. to show that transcript levels and protein 
levels do not correlate. However, Appellants had shown that Haynes themselves admit that 
" there was a general trend, although no strong correlation between protein [expression] and 
transcript levels." (see Figure 1 and page 1863, paragraph 2.1, last line). Therefore, when the 
proper legal standard is used, Haynes clearly supports the Appellants' position that in general, a 
positive correlation exists between mRNA and protein . Since accurate prediction is not the 
standard , a prima facie case of lack of utility has not been met based on the cited references 
Pennica et al. , Konopka et al. and Haynes et al. 
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In addition, the Examiner cited reference Hu et al. does not conclusively establish a 
prima facie case for lack of utility for the PRO 1281 molecule because the Hu et al. reference is 
based upon statistical analysis of information obtained from published literature, and not from 
experimental data. Appellants submit that, the conclusions drawn by the Examiner, based on the 
nature of the statistical analysis performed by Hu on one class of genes, namely, the estrogen 
receptor (ER)-positive breast tumor genes, is not reliably supported. Therefore, when the proper 
legal standard is used, a prima facie case of lack of utility was not met based on Hu et al. 

Lilley et al.. King et al. and Wildsmith et al. 

The Examiner has cited new reference Lilley et al. to show that "the extrapolation that 
changes in transcript level will also result in corresponding changes in protein amount or activity 
cannot always be made." (Page 4 of the Final Office Action). 

Appellants repeat that it is not a legal requirement for utility, to establish a necessary 
correlation between an increase in the mRNA level and protein expression levels, or to show that 
changes in transcript level should always result in corresponding changes in protein amount or 
activity. As discussed in the previously filed Responses, Appeal brief of January 26, 2006 and 
the recent Preliminary Amendment, the evidentiary standard to be used throughout ex parte 
examination of a patent application is a preponderance of the totality of the evidence under 
consideration and more likely than not standard . Accordingly, the question is not whether a 
correlation between an increase in mRNA and protein expression levels always exists, rather if it 
is more likely than not that a person of ordinary skill in the pertinent art would recognize such a 
positive correlation. Nowhere in the Lilley paper does the author suggest that it is more likely 
than not that altered mRNA levels does not correlate with altered protein levels. On the contrary, 
there is a statement in Lilley that says "changes in transcript level will also result in 
corresponding changes in protein amount or activity cannot always be made," which implies that 
the mRNA/protein correlation does exist, even if not always, but "always" is not required by the 
utility standard. 

The Examiner cites King et al. to show that "mRNA levels do not necessarily correlates 
with protein levels". (Page 4 of the Final Office Action). 

Appellants note that the instant application is not directed to the microarray assay like 
King et al. Applying King's teachings to the instant application, the King reference, while 
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suggesting that mRNA expression studies should be accompanied by protein studies, discusses 
numerous advantages of the microarray technology, and says that it offers tremendous 
advantages in the study of human diseases. For instance, on page 2287, the King states that 
"microarrays can be expected to prove extremely valuable as tools for the study of the generic 
basis of complex diseases. The ability to measure expression profiles across entire genomes 

provides a level of information not previously attainable Microarrays make it possible to 

investigate differential gene expression in normal vs. diseased tissue, in treated vs. non-treated 
tissue, and in different stages during the natural course of the disease, all on a genomic scale. 
Gene expression profiles may help to unlock the molecular basis of phenotype, response to 

treatment, and heterogeneity of disease " Therefore, if anything, the King reference supports 

the use of the microarray in the diagnosis of human diseases, which silently acknowledges that, 
in most cases, increases in mRNA levels correlate well with increases in protein levels, which in 
turn is useful to diagnose disease. 

Similarly, the Wildsmith reference never indicated that it is more likely than not that a 
general correlation between the mRNA and protein levels for a gene does not exist. For instance, 
the Wildsmith paper discusses examples of many successful uses of microarray applications in 
the detection of human diseases (see Page 284). For instance, the author has pointed out that 
"one area of rapid progress using microarray technology is the increased understanding of 
cancer. Molecular pathologies are subgrouping cancers of tissues such as blood, skin, and breast, 
based on differential gene expression patterns. For example, within a small group of breast 
cancer tissue samples, Perou et al. distinguished two broad subgroups representing those 
expressing or alternatively lacking expression of the oestrogen receptor- a- gene. The work was 
not conclusive, but never has progress in this field been so rapid when compared with the 
previous methods of gene amplification. Another example of the impact of this technology is in 
the identification of two biomarkers for prostate cancer, namely hepsin and PDVIl (Dhanasekaran 
et al, 2001). Microarray technology has also accelerated the understanding of the molecular 
events surrounding pulmonary fibrosis. Specially, two distinct clusters of genes associated with 
imflammation and fibrosis have been identified in a disease where, for years, the pathogenesis 
and treatment have remained unknown (Katsuma et al, 2001)." Therefore, if anything, 
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Wildsmith supports the Appellants position that mRNA levels most likely correlate well with 
protein levels. 

Therefore, collectively, the references Lilley et al, Wildsmith et al, and King et al. 
references cited by the Examiner show that the art indicates that, generally, if a mRNA is 
overexpressed in cancer, it is more likely than not that the encoded protein will also be expressed 
at an elevated level. 

Therefore, Appellants submit that Example 170 in the specification further discloses that, 
"(a)mplification is associated with overexpression of the gene product, indicating that the 
polypeptides are useful targets for therapeutic intervention in certain cancers such as colon, lung, 
breast and other cancers and diagnostic determination of the presence of those cancers" 
(emphasis added). 

For support, Appellants presented the articles by Orntoft efal, Hyman et al, and Pollack 
et al. (made of record in Appellants' Response filed June 4, 2004), and further, more than 100 
references in the IDS of August 2, 2006 which collectively teach that in general, for most genes, 
DNA amplification increases mRNA expression . For instance, the results presented by Orntoft 
et al, Hyman et al, and Pollack et al. are based upon wide ranging analyses of a large number of 
tumor associated genes. Orntoft et al. studied transcript levels of 5600 genes in malignant 
bladder cancers, many of which were linked to the gain or loss of chromosomal material, and 
found that in general (18 of 23 cases) chromosomal areas with more than 2-fold gain of DNA 
showed a corresponding increase in mRNA transcripts. Hyman et al. compared DNA copy 
numbers and mRNA expression of over 12,000 genes in breast cancer tumors and cell lines, and 
found that there was evidence of a prominent global influence of copy number changes on gene 
expression levels. In Pollack et al, the authors profiled DNA copy number alteration across 
6,691 mapped human genes in 44 predominantly advanced primary breast tumors and 10 breast 
cancer cell lines, and found that on average, a 2-fold change in DNA copy number was 
associated with a corresponding 1.5-fold change in mRNA levels. In summary, the evidence 
supports the Appellants' position that gene amplification is more likely than not predictive of . 
increased mRNA and polypeptide levels. 

Second, the Declarations of Dr. Paul Polakis (Polakis I and II) (made of record in 
Appellants' Response filed June 4, 2004 and August 2, 2006 respectively), principal investigator 
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of the Tumor Antigen Project of Genentech, Inc., the assignee of the present application, 
explains that in the course of Dr. Polakis' research using microarray analysis, he and his co- 
workers identified approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. Subsequently, antibodies 
binding to about 30 of these tumor antigens were prepared, and mRNA and protein levels were 
compared. In approximately 80% of the cases , the researchers found that increases in the level 
of a particular mRNA correlated with changes in the level of protein expressed from that mRNA 
when human tumor cells are compared with their corresponding normal cells . Therefore, Dr. 
Polakis' research, which is referenced in his Declaration, shows that, in general, there is a 
correlation between increased mRNA and polypeptide levels . The second Declaration by Dr. 
Polakis (Polakis II) presented evidentiary data in Exhibit B. Exhibit B of the Declaration 
identified 28 gene transcripts out of 31 gene transcripts (i.e., greater than 90%) that showed good 
correlation between tumor mRNA and tumor protein levels. As Dr. Polakis' Declaration 
(Polakis II) says "[a]s such, in the cases where we have been able to quantitatively measure both 
(i) mRNA and (ii) protein levels in both (i) tumor tissue and (ii) normal tissue, we have observed 
that in the vast majority of cases, there is a very strong correlation between increases in mRNA 
expression and increases in the level of protein encoded by that mRNA." Accordingly, Dr. 
Polakis has provided the facts to enable the Examiner to draw independent conclusions regarding 
protein data. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip® arrays in 2004. Clearly, the research community believe that the 
information obtained from these chips is useful (i.e., that it is more likely than not that the results 
are informative of protein levels). 

In summary, the collective evidence of more than 100 references, in addition to the 
declarations and references already of record, to support Appellants' asserted utility. As 
Appellants have previously acknowledged, the correlation between changes in DNA levels and 
protein levels is not exact, and there are exceptions (see, e.g., Pennica, Konopka et al.). 
However, Appellants remind the PTO that the asserted utility does not have to be established to a 
statistical certainty, or beyond a reasonable doubt. See M.P.E.P. at §2107.02, part VII (2004). 
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Therefore, the fact that there are exceptions to the correlation between changes in mRNA and 
changes in protein does not provide a proper basis for rejecting Appellants' asserted utility. 
Appellants submit that considering the evidence as a whole, with the overwhelming majority of 
the evidence supporting Appellants' asserted utility, a person of skill in the art would conclude 
that Appellants' asserted utility is " more likely than not true ." Id. 

Appellants further submit that even if there were no correlation between gene 
amplification and increased mRNA/protein expression, (which Appellants expressly do not 
concede), a polypeptide encoded by an amplified gene in cancer would still have a specific, 
substantial, and credible utility, as was discussed in the Declaration of Dr. Avi Ashkenazi 
(submitted with Appellants' Response filed June 4, 2004). This declaration explains: 

"even when amplification of a cancer marker gene does not result in significant over- 
expression of the corresponding gene product, this very absence of gene product over- 
expression still provides significant information for cancer diagnosis and treatment." 

Additional supporting evidence for such a utility is presented in a real-world example in 
an article by Hanna and Mornin (submitted with the Response filed June 4, 2004). The article 
teaches that the HER-2/neu gene has been shown to be amplified and/or over-expressed in 10%- 
30% of invasive breast cancers and in 40%-60% of intraductal breast carcinomas. Further, the 
article teaches that diagnosis of breast cancer includes testing both the amplification of the HER- 
2/neu gene (by FISH) as well as the over-expression of the HER-2/neu gene product (by IHC). 
Even when the protein is not over-expressed, the assay relying on both tests leads to a more 
accurate classification of the cancer and a more effective treatment of it. 

Thus, as evidenced by the Ashkenazi Declaration and the teachings of Hanna and 
Mornin, one skilled in the art would appreciate that simultaneous testing of gene amplification 
and gene product over-expression enables more accurate tumor classification, even if the gene- 
product, the protein, were not over-expressed. This leads to better determination of a suitable 
therapy for the tumor. Such testing is for the purpose of characterizing not the PRO 1281 
polypeptide, but the tumors in which the gene encoding PR01281 is amplified. Therefore, the 
PR01281 polypeptide is also useful in tumor categorization, the results of which become an 
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important tool in the hands of a physician enabling the selection of a treatment modality that 
holds the most promise for the successful treatment of a patient. 

Thus, based on the asserted utility for PRO 1281 in the diagnosis of selected colon 
tumors, the reduction to practice of the instantly claimed protein sequence of SEQ ID NO: 326 in 
the present application, the disclosure of the step-by-step protocols for making PRO 
polypeptides, the disclosure of a step-by-step protocol for making and expressing PRO 1281 in 
appropriate host cells (in Examples 140-143 and page 376, line 12), the step-by-step protocol for 
the preparation, isolation and detection of monoclonal, polyclonal and other types of antibodies 
against the PR01281 protein in the specification (at pages 390-395) and the disclosure of the 
gene amplification assay in Example 170, the skilled artisan would know exactly how to make 
and use the claimed polypeptide for the diagnosis of colon cancers and use antibodies to the 
polypeptides for the diagnosis of colon cancer. Appellants submit that based on the detailed 
information presented in the specification and the advanced state of the art in oncology, the 
skilled artisan would have found such testing routine and not 'undue.' Thus, barring evidence to 
the contrary, Appellants maintain that the fold amplification disclosed for the PR01281 gene is 
significant and forms the basis for the utility for the claimed antibodies to the PRO 1281 
polypeptide. 

Therefore, since the instantly claimed invention is supported by either a credible, specific 
and substantial asserted utility or a well-established utility, and since the present specification 
clearly teaches one skilled in the art "how to make and use" the claimed invention without undue 
experimentation, Appellants respectfully request reconsideration and reversal of this outstanding 
rejections under 35 U.S.C. §101 and §112, First Paragraph to Claims 1 19-121 and 123. 

Issue 3a; Claim 119-121 and 123 are not Anticipated Under 35 U.S.C. §102 (a) Over Baker 
(WO99/63088 - dated December 1999) 

Claims 119-121 and 123 remain rejected under 35 U.S.C. §102 (a) as being anticipated 
by the claims of Baker (WO99/63088 - dated December 1999) . 

For the reasons discussed above, Appellants maintain that they are entitled to a priority 
date of June 23, 1999 for the instant application. The Examiner says that the priority 
application lacks utility and hence this priority date cannot be given. For the very same reasons 
discussed above under Issue 1 : Utility/ Enablement, Appellants submit that the disclosure of the 
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priority application, U.S. Provisional Patent Application Serial No. 60/141,037 filed 
June 23, 1999 has utility and is enabled. Therefore, the priority date should be accorded and 
hence, application WO99/63088 is not prior art. Hence, Appellants request withdrawal of this 
rejection. 

Issue 3b: Claim 119-121 and 123 are not Anticipated Under 35 U.S.C. §102(a) over by 
Tang (WO 01/53312 - Dated July 2001) 

Claims 119-121 and 123 remain rejected under 35 U.S.C. §102 (a) as being anticipated 
by the claims of Tang (WO 01/53312 - dated July 2001). 

For the reasons discussed above, Appellants maintain and believe that they are entitled to 
the effective priority date of June 23, 1999 of U.S. Provisional Patent Application Serial 
No. 60/141,037. Thus, the reference Tang et al. dated 2001 is not prior art under 35 U.S.C. 
§ 102(a). Therefore, the present claims are not anticipated by Tang et al, and hence, this 
rejection under 35 U.S.C. §102(a) should be withdrawn. 

Issue 4: Claims 119-121 and 123 are Patentable Under 35 U.S.C. §103(a) over Weimann 
(2001) in View of Tang et al. (WO 01/53312 - Dated July 2001) 

Claims 119-121 and 123 remain rejected under 35 U.S.C. § 103(a) over Weimann (2001) 
in view of Tang et al. (WO 01/53312 - dated July 2001) 

For the reasons discussed above, Appellants maintain and believe that they are entitled to 
the effective priority date of June 23, 1999 of U.S. Provisional Patent Application Serial 
No. 60/141,037. Thus, the primary reference Weimann dated 2001 is not prior art and neither is 
the Tang reference. Therefore, present claims are not obvious over Weimann in view of Tang 
and hence, this rejection under 35 U.S.C. §103 (a) should be withdrawn. 
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CONCLUSION 



For the reasons given above, Appellants submit that present specification clearly 
describes, details and provides a patentable utility for the claimed invention. Moreover, it is 
respectfully submitted that based upon this disclosed patentable utility, the present specification 
clearly teaches "how to use" the presently claimed polypeptide. As such, Appellants respectfully 
request reconsideration and reversal of the outstanding rejection of Claims 119-121 and 123. 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



Respectfully submitted, 



Date: June 1,2007 
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IX. CLAIMS APPENDIX 

Claims on Appeal 

119. An antibody, or fragment thereof, that specifically binds to the polypeptide of 
SEQ ID NO: 326. 

1 20. The antibody of Claim 1 1 9 which is a monoclonal antibody. 

121. The antibody o f Claim 1 1 9 which is a humanized antibody. 
123. The antibody of Claim 119 which is labeled. 
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Items 2-3 were submitted with Appellants' Response filed June 4, 2004, and was considered by 
the Examiner as indicated in the Final Office Action mailed June 28, 2004. 

Item 4 was submitted with Appellants' Response filed August 2, 2006, and was considered by 
the Examiner as indicated in the Final Office Action mailed September 6, 2006. 

Items 5-8 were submitted with Appellants' Response filed June 4, 2004, and was considered by 
the Examiner as indicated in the Final Office Action mailed June 28, 2004. 

Items 9-1 1 were cited by the Examiner in the Final Office Action dated June 28, 2004. 

Items 12-13 were cited by the Examiner in the Office Action dated March 9, 2004. 

Item 14 was cited by the Examiner in the Final Office Action dated August 11, 2005. 

Items 15-146 were submitted with Appellants' Response filed August 2, 2006, and was 
considered by the Examiner as indicated in the Final Office Action mailed September 6, 2006. 

Items 147-149 were cited by the Examiner in the Final Office Action dated September 6, 2006. 

XL RELATED PROCEEDINGS APPENDIX 

None- no decision rendered by a Court or the Board in any related proceedings identified 

above. 
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DECLARATION OF AUDREY D. GODDARD, Ph.D UNDER 37 C.F.R. $ 1.132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001, 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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Serial No.: * 
Filed:* 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PCR 
Methods Add!.. 4:357-362 (1995) (Exhibit C) and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al., Proc. 
Natl. Acad. Sci. USA 95(25).T4717-14722 (1998) (Exhibit E); Pitti et al, Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et a/.. Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al. have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al. studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al. used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i:e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date 



Audrey D. Goddard, Ph.D. 




AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 



• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 



• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 

1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 



diagnostics 



Interests: 
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1993 -1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D, Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 
1983 

1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel, genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A, Godowski PJ, Gumey AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gumey AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gumey A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gumey AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19. 2002. 

Goddard A, Godowski PJ and Gurney AL: Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chemausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001 ) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
'adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360. 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2 : 4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGFr19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a PGR. Since the fluorescence of 
EtBr increases in the presence of double- 
stranded (ds) DNA an Increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored ejrtemally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PCR 1 to.clin- 
kai d£gno»tic» arc well known. 2,8 , it is stifl. not 
widely used it* tits setting, even though it is 
four- years eiuco thoro*o«ta.bl« DNA pofymer-- 
ases* made PCR practical Some of the reasons fot its slow, 
acceptance axe high cost, tack of automation of pre-* and 
post-PCR processing steps, and false positive results from 
carryovCT<onta ml nation. The first two points are related 
in that labor is the largest contributor to cost ait the present 
stage of PCR development. Most Current assays require 
some form of "downstream" processing once thermocy- 
ding is done in order to determine whether the target 
DNA sequence was- present and has amplified. These 
include DNA hybridiwdon*"*, gel elet^pboresis with or 
without use of restriction digestion*;*,' HPLCr, or capillary 
electrophoresis 10 . These methods ire labor -intense, bare, 
low throughput, and arc difficult to automate. The third 
point is alio closely related to downstream processing. 
The handling of the PCR product in these dowratrearn 
processes increases the chances that amplified DNA '.will 
spread through the typing- fab, resulting in a .risk of 



carryover" false positives in subsequent testing". 
These downstream processing steps wwW be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in which such different processes take 
dace without. the need to separate reaction components 
iave been termed '^homogeneous''. No truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress towards <hi* end has been reported. Chehab, et 
aL'% developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Allc*c-specific primers, each with different fluo- 
rescent tags, were used to indicate, the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visualize the 
result Recently, Holland, et al. 15 , developed an assay in 
which the endogenous 5 r exdnudease assay of Taq DNA 
polymerase was exploited to cleave a labeled oligonucleo- 
tide probe. The probe would only dcave if PCR ampCfi- 
cation had produced its coroptem*ntarv sequence. In 
order to detect the ckavage products, however, a subsc- 
qnent process » again needed. 

We have developed a truly homogeiieou.-i assay for PCR 
and PCR product detection based upon the greatly in- 
creased fluorescence that ethidiutn btontide and other 
DNA binding dyes exhibit when they are bound .tojb- 
DNA ,4: - , *. As OTth'ncd in Figure 1, a prototypk PCR 
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ROWS 1 Principle of simultaneous ainpBfiauion aod detectcon of 
PCR produce The component* of a PCR WOttinrr^ ElSr that «n! 
fluoresQCTit are lilted— EtBr ttscIC EtBr bound toother ssONAor 
daDNA. Tbere is a large ouoresccncc en han r r t n e nt when EtBr is 
bound to DNA and binding is greatly enhanced when DNA .is 
ddufalc-strandcd. After sawdcttt (n) .cvdcr of PCR. the .net 
tncrca<te'm <5.iDNA restdts in addrdonal EtBr binding, and a net 
increase in total fluorescence: 
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product 



fMHdi 3 Get electrophoresis of PGR amplification products of the 
human, rtuefcar gene, HLA DQo, made in the pretence of 
increasing amounts of EtBr (up to 8 ngftfll). The presence of 
ttBr has no obvious effect on the yield or specificity of amplifi- 
onion. 



A. 



B. 





MOK J (A) Fluorescence measurements from PCRs that amtaia 
0.5 (Jkg/ml EtBr and that are specific for Y-cJiromosomc repeat 
sequence*. Five replicate PCRs. were begun containing catch of tbe 
DNA* specified'. At each indicated cycle, one of the five replkatc 
PCRs for each DNA -was removed from tbermocydmg and Hs 
fluorescence measured, Uniu of fluoceflccnce are arbitrary, (fi) 
UV photography of PGR tubes (0.5 ml Eppcodorf-rtylc, pofypro- 
pykne mtcro^etitiifiire tabes) containing reactions, those start- 
ing from 3 ng male DNA and control reaction* without any DNA, 
from (A). 



begins with primers that are jungle-stranded DNA (ss- 
DNA). dNTPs, and. DNA polymerase; An' amount of 
dsDNA containing the target sequence (target DNA) it 
also typically present. This amount can vary, depending 
on the application, from single-cell amounts of DNA lT to 
micrograms per PCR*'. If EtBr is present, the reagents 
that will fluoresce, in order of itKreasing fluoresce noc are 
free EtBr itself, and EtBr bound to the sfagk-stranded 
DNA primers and to the doubles tranded target DNA (by 
its intercalation between the stacked bases of 'be DNA 
doublc-hcibt). After the first denatu ration cyde, target 
DNA will be largely singk-stxanded. After a PCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PCR product itself) of up to 
several rnierdgnims. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence There is also some decrease in the amount of 
ssDNA primer, but because tbe binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of tbrs change on 
the total fluorescence of the sample is smalL The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification, vessel 
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before and after, or even continuously during, thermocy. 
ding 



RESULTS 

PCR in the presence of EtBr. fo order to' assets the 
affect of EtBr in PGR, amptificauons of the human Hi .A 
DQa. gene** were performed with the dye present at 
concentrations from 0.06 to 8.0 ug/ml (a typical concen- 
tration of EtBr used fa staining of nucleic actds following 
get electrophoresis is 0.5 ug/rnf). As shown in Figure 2, gel 
electrophoresis revealed little or no difference in the yield 
or quality of the amplication product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PGR. 

Detection of human Y-cfaromosorae specific se- 
quences- SequetKX-srjecific, fluorescence exihanoemeru of 
EtBr as a result of PCR was demonstrated in a scries of 
amplifications containing 0.5 ug/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y -chromosome* 0 . These PCRs initially contained either 
60 ng male. 60 ng female, 2 ng roaJc human or no DNA. 
Five replkatc PCRs were begun for each DNA. After 9, 
17, 21, 24 and 29 cycles of thermocyding, a PCR for each 
DNA was removed from the tberiuocyder, and its. fluo- 
rescence measured in a spoctroflooro Meter and 'plotted 
vs. amplification cyde number (Fig. SA). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cycle number: 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with — 60 ng versus 2 ng— the fewer 
cydes were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected she were made in the male. DNA containing 
reactions and that Kule DN A synthesis took place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply saying the completed, unopened PCRs qo a UV 
transilluminatar and photogniphibg them through a red' 
filter. This is shown in figure SB lor the reactions that 
began with 2 ng male DNA and those with no DNA- 

Detection of spedfic alkies of the human fi-globin 
gene. In order to demonstrate that this approach has 
adequate spedfkity to allow genetic screening, a d&ccudn 
of the skkle-cdl anemia mutation was performed- Figure 
4 shows the fluorescence from completed amplications 

containing EtBr (0.5 |ig/ml) At detected by photography 
of the reaction tubes on a UV aansujumihator. These 
reactions were performed using prirrtcTR spedfic for ci- 
ther the. wild-type or sickle -cell mutation of the human 
p-gtobin gene . The spedfkity for each allele is imparted 
by placing the sickle-mutation site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension—and thus am- 
pUficaUon— can take place only if the V nucleotide of the 
primer is complementary to the B-globin allele present*' 

Each pair of amplications shown in Figure 4 consists of 
a reaction with either the wild -type allele spedfic (left 
tube) or skklc-allde specific (right tube) primers. Three 
different DN As were typed: DNA from a homozygous, 
wfld-type B-globin individual (AA); from a heterozygous 
sickle fi-gfobin individual (AS); and from a bomozygous 
sickle fj-giob5o irichvidual (SS). Each DNA (50 ng genomic 
DNA to start each PCR> was analyzed fa tripKcatc (3 pairs 
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„f reactions each). The DNA .type was reflected in the 
relative fluorescence intensities in each pair of com fritted 
A(n p]i£cAtk>n£. There was a significant increase in fluores- 
(cnoc only where a 0-globin allele DNA matched the 
primer set. When measured' on a spectroflaorometer 
M,ta not shown), this fluorescence was about three times 
jjrtt present in a PCR where both 0-globm alleles were 
jnJsmatchcd to the primer set. Gel electrophoresis (not 
dhown) established that this increase in fluorescence was 
doe to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for fJ-globin. There was 
ntdc synthesis of dsDNA in reactions in which the allele- 
specific primer was mismatched to both alleles. 

Continuous monitoring of a PGR. Using a fiber optic 
dcvteerH is possible to direct excitation illumination from 
„ spectro 11 uoro mete r to a PCR undergoing wcrmocyding 
B nd to return its fluorescence to the spectroftuorotideter. 
The fluorescence readout of such an arrangement, de- 
tected at an EtBr-eontaintng amplification, of Y -chromo- 
some specific sequences from 25 ng of human male DNA, 
is shown in Figure 5. The readout from a control PCR 
villi no target DNA is also shown. Thirty cycles of PCR 
v erc monitored for each- 

The fhiorcsccncc trace as a function of time dearly 
shows the eired of the thermocyding. Fluorescence inten- 
sity rises and Calls inversely with temperature- The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at the annealing/extension 
temperature (SOX). In the negative-control PCR, these 
fluorescence maxima and minima do not change, signifi- 
cantly over the thirty tbcrraocycles, indicating that there is 
fittlc dsDNA synthesis without the appropriate target 
DNA, and there is little if any bleaching of EtBr during 
the continuous illumination of the sample. 

In die PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds' of thermocycling, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rescence minima at the denaturatiou temperature do not 
significantly increase, presumably because at this temper- 
ature there is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cence increase at the suwcaHng temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showd a. DNA fragment of the expected sire for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 
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DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-spedfic probe can enhance tire specifidty of DNA 
dcccuiiiMi Irr PCR. The cKririootion of dieac processes 
means that' the specificity of this homogeneous assay 
depends solely on that of PCR. In the case of sickle-cell 
disease, wc have shown that PCR alone has sufficient DNA 
sequence apecifidiy to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
spcrific production of dsDNA in the- absence of the 
appropriate target allele. 

The spedftdty required to detect pathogens can be 
more or less than that required' to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with die 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thoutands of host cells*, (^wnpated with genetic 
screening, which is performed on ceils containing at least 
one copy of the target sequence, HIV detection requires 
both more specificity and the input of more mtal 
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HWBM UV photography of PCR tubes containing RmpWjcjrtroiu 
using EtBr mm w* specific to wild-type (A) or sicWe (S) slides of 
the bunuD £-globin gene. The left of each pair of tubes contains 
aDele-tpcdfic printers to the wild-type ancles, the right tube 
primers to the sickle atWe- The photograph was taleb after 30 
cycles of PCR, and the input DNAs and the alleles they contain 
are indicated. Fifty ng of DNA was used to begin PCR. Typing 
was done in triplicate (3 pain of PCRs) for each input DNA; 
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HCtnSS Continuous, rcal-dme monitoring of a PCR. A fiber optic 
was used to carry, excitation RgJ»t tn a PtSR h> progress and abo 
emitted light back to a Uterometer (see Expenutcntal Pnttoco?). 
AmpiificaOon VStag human mjdo-DNA specific pritnen in a PCR 
Starting with 20 ng of human male DNA (top), or in * contra 
PCR without PNA (bottom), were monhcrrd. Thirty cydei of 
PGR were followed for each. The' temperature cycled between 
94°C (deoaturatian) and 50"C (annealing and extension}. Note in 
the male DNA PCR, the cycle (tunc) dependent increase in 
fluorescence at uxc apneanng/exteDaion temperature. 
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DN A— up to microgram amounts — ia order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DMA in an amplification signiccdutly increases 
the background fluorescence over which any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occurs with targets in. tew 
copy-number is the formation of the "primer-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete with 
true PCR targets if those targets are rare The primer- 
dimcr product is of course dsDNA and thus i» a potential 
source of false signal in this homogeneous assay. 

To increase FOR specificity ana reduce the effect of 
primer-dimcr anipUhcation, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications that take place in a single tube 8 , and the 
"hot-start", in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 25 . Preliminary results using these ap- 
proaches suggest tbatprjjncr-dimcT is effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of 10* cells. With Larger numbers of ccHs, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To. reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by incorporadug the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to . 
the oligontideotidc primer*' 4 . 

We have shown that the detection of fluorescence 
generated by an EtBr-contaming PCR is straightforward, 
both once PCR is "completed aod continuously during 
thermocyefing. The ease with which automation of spe- 
cific DNA detection can he accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRs is alrcadypossiblc with existing instru- 
mentation in 96-well format . In this format, the fluores- 
cence in each PCR can be quantitated before, after, and 
even at selected points during therraocyciing by moving 
the rack of PCRs to a 96-microwcJl plate fluorescence 
reader 40 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptic? transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 5 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and DoBinger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — aS it can be in genetic screeaiing-^continuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative result*. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
results due to, for exampk, inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiendy ampfifying marker. This marker results in a 
fluorescence increase only after a -large number of cy- 
cles—many more' than are necessary to detect a true 



positive. If a sample fails to hare a fluorescence increase 
after this many cycles, inhr&tion may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event, before any test based On this 
principle is ready for the dink, ah assessment of its false 
positive/false negative rates wDl need to he obtained using 
a large number of known samples. 

In summary-, the inclusion hi PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Hainan HLA-DQ" gea* *mpK«eations containing EtBr. 
PCRs were set up in 100 pi volumes containing 10 mM Tris-HCl, 
pH 8.S; 50 mM K.CI: 4 mM MgCl*: 2-5 units of taq DNA 
polymerase (Perkm-Elmcr Genu. Norwalk, CT); 20 pniolc each 
of human KLA-DQc ' gene specific oligonucleotide primers 
(M26 and CH27 19 aud approximately 10^ copies of DQ» PCR 
product diluted from a previous reaction. Ethidium bromide 
(EtBr; Sigma) was used at the conccmrafions indicated ip Figure 
2. Thermocyding proceeded for 20 cycles in a model 480 
thcrmocydcr (Ferkm-Elmer Ccom, Nnrwalk, CT) uaraga -step- 
cycle" program of 94*C Cor 1 mm..denaturation and 6vT. for SO 
sec anncsdmg and 72"C for 30 tec. extension. 

Y-chnHBOsemc specific PCR. PCRs (100 pi total reaction 
volume) containing t) .5 p£/mi EtBr were prepared as described 
for HLA-DQw, except vrjoh. different primers and target DNAs. 
These PCRs contained 1 5 pmotc each male DNA-lpcciTiC prtmen 
YI. 1 and *I.2 M , arid either 60 ng male, 60 ngfenwte, 2 ng mak. 
or no human DNA. Thermocyding was WCTpr 1 min. and &VC 
for I min using a "step-cycle* program. The number of cycles for 
a sample were as indicated in Figure 3. Fluorescence measure- 
ment is described below. 

Allcfc-epccific, human A-gtoMa pcoe PGR. Amplifications of 
100 pJ volume using 0 5 pfirail of EtBr were prepared as 
described for HLAJJQa above except with different prune" and 
target DNAs. These PCRs contained ether primer pair HOPS' 
HP HA (wBd-type globin *peotic primers) or HGF2/H0HS (sfck- 
lc-ffiobin specific primers) at 10 pinole each primer per PCR. 
These primers were developed by Wu ct at 21 . Three different- 
target DNA* were tucd in separate amplifications — SO ng each of 
human DNA that was homozygous for the sickle trait (SS). DMA 
that was hetcrorreom for the sickle Irak (AS), or DNA that v«u 
homozygous for the W.t- gtobiw (AA). Thermocyefing for JO 
cycles at 94"C for 1 mm. and 55*C Cor 1 min. usure a "auj«ycte" 
program. An annealing temperature of 65°C b*ilnccn shown by 
Wo et al* 1 to provide allclc<pccinc amplification. Completed 
PCR* were photographed through a red filter fWratien -23A) 
after placing the reaction tubes amp a model TM-36 tranaffluffii- 
nator (UV-products San- Gabriel, CA). 

fh»otes«r>ce measurement Fluorescence mcasuremenu were 
made on PCRs containing EtBr in a FluoroJog-2 flOoromCter 
(SPEX Edison, NJ). Excitation was at the 500 nra band with 
•about 2 nm bandwidth with a GO -43S nm cut-off filter JMclta 
Crist. Inc.. Irvine. CA) to delude second-order light. Emitted 
tight was detected at 570 nm with a bandwidth of about 7 nm. An 
OC 530 nm cut-off Biter Was used to remove the exchadon right 
Contitxtoo* fluorescence monitoring of PCR, Coritmoous 
monitoring of a PCR in progress was accomplished using the 
cpcctroftuorometcr and settings described above as weB a* a 
fiberoptic accessory (SPEX cat no. 1950) to both send excitation 
Bght to. and receive emitted light from, a PCR placed m a wefl o! 
a model 480 thermncydcr (Ffcrkm-Elmer Cetu*)- The probe end 
of the fiberoptic cable was attached with "5 mmutc-cpoxy* to «* 
open top of a PCR tube (a 0.5 ml polypropylene centrifuge tube 
with hs cap removed) effectively scaling tL The exposed -Urt Ot 
the PCR tube and the end of the fiberoptic caWc were shielded 
from room light and the room light* were kept dimmed during 
each run. The monitored PCR was an amplification of V-cbro- 
mosome-cpedne repeat sequences as described above, esieept 
usmgan anncaKngfcxtenskm wnrperauirc of 50°C The reaction 
was covered with mineral oil (2 drops) to prevent cvapo^anon- 
TherTOOCycfing and fluorescence measurement »W started U- 
multancoutiy. A time-base scan Wttli a 10 second mtegranoo' tune 
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v m uced and the «mbston signal was ratioed to' the excitation 
signal to control for change* in Ikhtiourcc intcnirity. Data were 
enDected using the draSOQOf, version S.5 (SPEX) data systetu. 
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IMMUNO BIOLOGICAL LABORATORIES 



SCD-14 ELISA 

Trauma, Shock and Sepsis 




The CD-14 molecule expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD -1.4 is .a. receptor for lipopotysaccharide 
(LPS) complexed to LPS-Binding-Protein (LBP). The 
concentration of Its soluble form is altered under 
certain pathological conditions. There is evidence for 
an important rate of sCO-14.vvith polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of value In 
monitoring these patients. 



IBL offers an EUSA for quantitative detemunation of 

soluble CD-14 in human serum, -plasma, eel (-culture 

supematants and other biological fluids. 

Assay features: 12x8deteiminatton$ 
(microliter strips), 
precoated with a specific 
rnonocional antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/ml 
detection limit 1 ng^ml 
CVrintra- and interassay < 8% 



For more information call or fax. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J. Livak, Susan J.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 

Perkin-Elmer, Applied Biosystems Division, Foster City, California 94404 



The 5' nuclease PCR assay detects the 
accumulation of specific PCR product 
by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher dye attached. An increase 
in reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target PCR product and has 
been cleaved by the 5' -»3' nucle- 
olytlc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dye attached to an internal 
nucleotide were compared with 
probes with the quencher dye at- 
tached to the 3 -end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3 - 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal Is 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase in reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybridiza- 
tion probes. 



r\ homogeneous assay for detecting 
the accumulation of specific PCR prod- 
uct that uses a double-labeled fluoro- 
genic probe was described by Lee et al. (l) 
The assay exploits the 5'-»3' nucle- 
olytic activity of Taq DNA poly- 
merase^ and Is diagramed in Figure 1. 
The fluorogenic probe consists of an oli- 
gonucleotide with a reporter fluorescent 
dye, such as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodamine, attached internally. When 
the fluorescein is excited by irradiation, 
its fluorescent emission will be 
quenched if the rhodamine is close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
(FET) as) During PCR( if the probe js hy _ 

bridized to a template strand, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent 5' -»• 3' nucleolytic 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an increase in fluorescein fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence intensity indi- 
cates that the probe-specific PCR product 
has been generated. Thus, FET between a 
reporter dye and a quencher dye is criti- 
cal to the performance of the probe in 
the 5' nuclease PCR assay. 

Quenching is completely dependent 
oh the physical proximity of the two 
dyes. <6) Because of this, it has been as- 
sumed that the quencher dye must be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
damine dye at the 3' end of a probe 
still provides adequate quenching for 
the probe to perform in the 5' nuclease 



Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phosphoramidite was obtained from 
Glen Research. The standard DNA phos- 
phoramidites, 6-carboxyfluorescein (6- 
FAM) phosphoramidite, 6-carboxytet- 
ramethylrhodamine succinimidyl ester 
(TAMRA NHS ester), and Phosphallnk 
for attaching a 3'-blocklng phosphate, 
were obtained from Perkin-Elmer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesizer (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Oligo Purification Cartridges (Applied 
Biosystems). Double-labeled probes were 
synthesized with 6-FAM-labeled phos- 
phoramidite at the 5' end, LAN replacing 
one of the T's in the sequence, and Phos- 
phalink at the 3' end. Following de- 
protection and ethanol precipitation, 
TAMRA NHS ester was coupled to the 
LAN-containing oligonucleotide in 250 
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PCR assay. Furthermore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when double-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
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FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of the 5' - 3' nucleolytic ac- 
Hvlry of iS, DNA polymerase acting on a fluorogenic probe during one extension phase of PCR. 



mM Na-bicarbonate buffer (pH 9.0) at 
room temperature. Unreacted dye was 
removed by passage over a PD-10 Sepha- 
dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(HPLC) using an Aquapore C„ 220x4.6- 
mm column with 7-u.m particle size.. The 
column was developed with a 24-min 
linear gradient of 8-20% acetonitrile in 
0.1 m TEAA (ttiethylamine acetate). 
Probes are named by designating the se- 
quence from Table 1 and the position of 
the LAN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with LAN- 
TAMRAat nucleotide position 7 from the 
5' end. 



PCR Systems 

All PCR amplifications were performed 
In the Perkin-Elmer GeneAmp PCR Sys- 
tem 9600 using 50-p.l reactions that con- 
tained 10 mM Trls-HCl (pH 8.3), SO mM 
KC1, 200 jiM dATP, 200 u.m dCTP, 200 \M 
dGTP, 400 uW dUTP, 0.5 unit of AmpEr- 
ase uracil N-glycosylase (Perkin-Elmer), 
and 1.25 unit of AmpHTaq DNA poly- 
merase (Perkin-Elmer). A 295-bp seg- 
ment from exon 3 of the human p-actin 



gene (nucleotides 2141-2435 in the se- 
quence of Nakajima-li|ima et al.) (7) was 
amplified using primers AFP and ARP 
(Table 1), which are modified slightly 
from those of du Breuil et al. (B) Actin am- 
plification reactions contained 4 mM 
MgCI 2 , 20 ng of human genomic DNA, 
50 nM Al or A3 probe, and 300 nM each 



primer. The thermal regimen was 50°C 
(2 min), 95X (10 min), 40 cycles of 95°C 
(20 sec), 60°C (1 min), and hold at 72°C. 
A 515-bp segment was amplified from a 
plasmid that consists of a segment of X 
DNA (nucleotides 32,220-32,747) in- 
serted in the Smal site of vector pUC119. 
These reactions contained 3.5 mM 
MgCl 2 , 1 ng of plasmid DNA, 50 nM P2 or 
P5 probe, 200 nM primer F119, and 200 
nM primer R119. The thermal regimen 
was 50°C (2 min), 95°C (10 min), 25 cy- 
cles of 95°C (20 sec), 57°C (I min), and 
hold at 72°C. 



Fluorescence Detection 

For each amplification reaction, a 40-jJ 
aliquot of a sample was transferred to an 
individual well of a white, 96-well mlcro- 
titer plate (Perkin-Elmer). Fluorescence 
was measured on the Perkin-Elmer Taq- 
Man LS-50B System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 485-nm excitation fil- 
ter, and a S15-nm emission filter. Excita- 
tion was at 488 nm using a 5-nm slit 
width. Emission was measured at 518 
nm for 6-FAM (the reporter or R value) 
and 582 nm for TAMRA (the quencher or 
Q. value) using a 10-nm slit width. To 
determine the increase in reporter emis- 
sion that is caused by cleavage of the 
probe during PCR, three normalizations 
are applied to the raw emission data. 
First, emission intensity of a buffer blank 
Is subtracted for each wavelength. Sec- 
ond, emission Intensity of the reporter is 



TABLE 1 Sequences of Oligonucleotides 



Name 


Type 


Fl 19 


primer 


R119 


primer 


P2 


probe 


P2C 


complement 


1>5 


probe 


P5C 


complement 


AFP 


primer 


ARP . 


primer 


Al 


probe 


A1C 


complement 


A3 


probe 


A3C 


complement 



Sequence 



ACCCACAGGAACTGATCACCACTC 

ATGTCGCGTTCCGGCTGACGTTCTGC 

TCGCATTAC1 GATCGTTGCCAACCAGTj) 

GTACTGGTTGGCAACGATCAGTAATGCGATG 

CGGA'iTTGCTGGTATCTATGACAAGGATp 

TTCATCCTTGTCATAGATACCAGCAAATCCG 

TCACCCACACTGTGCCCATCTACGA 
CAGCGGAACCGCTCATTGCCAATGG 
ATGCCCTCCCCCATGCCATCCTGCGTp 
AGACGCAGGATGGCATGGGGGAGGGCATAC 

CGCCCrGGACTTCGAGCAAGAGATp 
CCATCTCTTGCTCGAAGTCCAGGGCGAC 



For each oligonucleotide used in this study, the nucleic acid sequence is given, written i* > « I 
5' - 3' direction. There are three types of oligonucleotides: PCR primer, fluorogenic probe 
in the 5' nuclease assay, and complement used to hybridize to the corresponding probe^or t 
probes! the underlinerl base indicates a position where LAN with TAMRA attached was substi 
tuted for a T. (p) The presence of a 3' phosphate on each probe. 
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A 1-2 RAQGCCCTCCCCCATGCCATCCTCCGTp 

A1-7 RATGCCCQCCCCCATGCCATCCTGCGTp 

A1-14 RATGCCCTCCCCCAQGCCATCCTGCGTp 

A1-19 RATGCCCTCCCCCATGCCAQCCTGCGTp 

Al-22 Ratgccctccxx:catgccatccQgcgtp 

A1-26 RatgccctcccccatgccatcctgcgQp 



Probe 


518 nm 


582 nm 


RQ- 


RQ+ 


ARQ 




no temp. 


+ temp. 


no temp. 


+ temp. 








A1-2 


25.5 ±2.1 


32.711.9 


38.2 ± 3.0 


38.2 ±2.0 


0.6710.01 


0.8610.06 


0.1910.06 


A1-7 


53.5 + 4.3 


395.1 ±21.4 


108.5 ±6.3 


110.315.3 


0.4910.03 


3.5810.17 


3.09 ±0.1 8 


A1-14 


127.0 ±4.9 


403.5 + 19.1 


109.7 ±5.3 


93.1 ±6.3 


1.1610.02 


4.3410.15 


3.1810.15 


A1-19 


187.5 ± 17.9 


422.7 ± 7.7 


70.3 ±7.4 


73.0 ±2.8 


2.6710.05 


5.80 1 0.15 


3.13 + 0.16 


A1-22 


224.6 + 9.4 


482.2 ± 43.6 


100.0 ±4.0 


96.2 ± 9.6 


2.25 ± 0.03 


5.0210.11 


2.77 ±0.12 


A1-26 


160.2 ± 8.9 


454.1 ± 18.4 


93.1 ± 5.4 


90.7 ±3.2 


1.7210.02 


5.01 ±0.08 


3.2910.08 



FIGURE 2 Results of 5' nuclease assay comparing 0-actin probes with TAMRA at different nucle- 
otide positions. As described in Materials and Methods, PCR amplifications containing the in- 
dicated probes were performed, and the fluorescence emission was measured at 518 and 582 nm. 
Reported values are the average±l s.d. for six reactions run without added template (no temp.) 
and six reactions run with template (+temp.). The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ" and RQ* values. 



divided by the emission intensity of the 
quencher to give an RQ ratio for each 
reaction tube. This normalizes for well- 
to-well variations in probe concentra- 
tion and fluorescence measurement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ - ) from the RQ value for the com- 
plete reaction including template 
(RQ + ). 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher were tested to 
investigate the minimum and maximum 
spacing that Would give an acceptable 
performance In the 5' nuclease PCR as- 
say. These probes hybridize to a target 



sequence in the human p-actin gene. 
Figure 2 shows the results of an experi- 
ment in which these probes were in- 
cluded in PCR that amplified a segment 
of the p-actin gene containing the target 
sequence. Performance in the 5' nu- 
clease PCR assay is monitored by the 
magnitude of ARQ which is a measure 
of the increase in reporter fluorescence 
caused by PCR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that Is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that with the quencher dye on the 
second nucleotide from the 5' end, there 
is insufficient room for Taq polymerase 
to cleave efficiently between the reporter 
and quencher. The other five probes ex- 
hibited comparable ARQ values that arc 



clearly different from zero. Thus, all five 
probes are being cleaved during PCR am- 
plification resulting in a similar increase 
in reporter fluorescence. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
uncleaved. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes little with 
amplification of the target. This is what 
allows us to use the 582-nm fluorescence 
reading as a normalization factor. 

The magnitude of RQ~ depends 
mainly on the quenching efficiency in- 
herent in the specific structure of the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ" values indi- 
cate that probes Al-14, Al-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7. Still, the degree 
of quenching is sufficient to detect a 
highly significant increase in reporter 
fluorescence when each of these probes 
is cleaved during PCR. 

To further investigate the ability of 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. For each pair, one probe has 
TAMRA attached to an internal nucle- 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the internal 
quencher. The RQ - values suggest that . 
differences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of 5' Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or 3'-terminal Nucleotide 



518 nm 



582 nm 



Probe 


no temp. 


+ temp. 


no temp. 


+ temp. 


RQ- 


RQ + 


ARQ 


A3-6 


54.6 ± 3.2 


84.8 ± 3.7 


116.2 ± 6.4 


115.6 +. 2.5 


0.47 ± 0.02 


0.73 + 0.03 


0.26 ± 0.04 


A3-24 


72.1 ± 2.9 


236.5 ± 11.1 


84.2 ± 4.0 


90.2 ± 3.8 


0.86 ± 0.02 


2.62 ± 0.05 


1.76 ± 0.05 


P2-7 


82.8 ± 4.4 


384.0 ±34.1 


105.1 ± 6.4 


120.4 ± 10.2 


0.79 ± 0.02 


3.19+0.16 


2.40 + 0.16 


P2-27 


113.4 ± 6.6 


555.4 ± 14.1 


140.7 ± 8.5 


118.7 ± 4.8 


0.81 ± 0.01 


4.68 ± 0.10 


3.88 ± 0.10 


PS- 10 


77.5 ± 6.5 


244.4 ± 15.9 


86.7 £ 4.3 


95.8 +. 6.7 


0.89 ± 0.05 


2.55 + 0.06 


1.66 ±0.08 


P5-28 


64.0 ± 5.2 


333.6 ±12.1 


100.6 ± 6.1 


94.7 ± 6.3 


0.63 ± 0.02 


3.53 -± 0.12 


2.89 ± 0.13 



Reactions containing the indicated probes and calculations were performed as described in Material and Methods and in the legend to Fig. 2. 
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fluorescence of a reporter dye on the 5' 
end. The degree of quenching is suffi- 
cient for this type of oligonucleotide to 
be used as a probe in the 5' nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a 3' TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
measured for probes in the single- 
stranded and double-stranded states. Ta- 
ble 3 reports the fluorescence observed 
at S18 and 582 nm. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the 5' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ. We 
propose that this loss of quenching is' 
caused by the rigid structure of double- 
stranded DNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2 * effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 * concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al-2orAl-7), the RQ value at 
0 mM Mg 2 * is only slightly higher than 
RQ at 10 mM Mg 2 *. For probes Al-19, 
Al-22, and Al-26, the RQ values at 0 mM 
Mg 2 * are very high, indicating a much 



reduced quenching efficiency. For each 
of these probes, there is a marked de- 
crease in RQ at 1 mM Mg 2 * followed by 
a gradual decline as the Mg z * concen- 
tration Increases to 10 him. Probe Al-14 
shows an intermediate RQ value at 0 mM 
Mg 21 " with a gradual decline at higher 
Mg 2 * concentrations. In a low-salt en- 
vironment with no Mg 2 * present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg 2 * ions acts to 
shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
the 3' end is close to the S' end. There- 
fore, the observed Mg 2 * effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamlne dye TAMRA, 
placed at any position In an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the 5' end. This implies that a single- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5' 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Single-stranded and 
Double-stranded Fluorogenic Probes 



518 nm 



582 nm 



RQ 



Probe 


ss 


ds 


ss 


ds 


ss 


ds 


Al-7 


27.75 


68.53 


61.08 


138.18 


0.45 


0.50 


Al-26 


43.31 ' 


509.38 


53.50 


93.86 


0.81 


5.43 


A3-6 


16.75 


62.88 


39.33 


165.57 


0.43 


0.38 


A3-24 


30.05 


578.64 


67.72 


140.25 


0.45 


3.21 


P2-7 


35.02 


70.13 


S4.63 


121.09 


0.64 


0.58 


T2-27 


39.89 


320.47 


65.10 


61.13 


0.61 


5.25 


P5-10 


27.34 


144.85 


61.95 


165.54 


0.44 


0.87 


P5-28 


33.65 


462.29 


72.39 


104.61 


0.46 


4.43 



(ss) Single-stranded. The fluorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of 50 nM indicated probe, 10 mM Tris-Hd (pH 83), 50 mM KC1, and 10 mM MgCl 2 . 
(ds) Double-stranded. The solutions contained, in addition, 100 nM A1C for probes Al-7 and 
Al-26, 100 nM A3C for probes A3-6 and A3-24, 100 nM P2C for probes P2-7 and P2-27, or 100 dm 
PSC for probes P5-10 and PS-28. Before the addition of MgC^ 120 id of each sample was heated 
at 95°C for 5 min. Following the addition of 80 |U of 25 mM MgCl 2 , each sample was allowed to 
cool to room temperature and the fluorescence emissions were measured. Reported values are 
the average of three determinations. 



matters for quenching is not the average 
distance between 6-FAM and TAMRA 
but, rather, how close TAMRA can get to 
6-FAM during the lifetime of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the 5' end because TAMRA is in 
proximity to 6-FAM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary strands not only causes a large 
Increase in 6-FAM fluorescence at 518 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm. If 
TAMRA is being excited by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye. Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains relatively unchanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease PCR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and after cleavage of 
the probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5* nuclease 
PCR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PCR assay. The first factor is 
the degree of quenching observed in the 
intact probe. This is characterized by the 
value of RQ" , which is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a no template control PCR. In- 
fluences on the value of RQ~ include 
the particular reporter and quencher 
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0 2 4 6 8 10 

mM Mg 

FIGURE 3 Effect of Mg 2+ concentration on RQ ratio for the Al series of probes. The fluorescence 
emission intensity at 5 18 and S82 nm was measured for solutions containing SO nM probe, 10 mvi 
Trls-HCI (pH 8.3), 50 mM KC1, and varying amounts (0-10 mM) of MgCi 2 . The calculated RQ 
ratios (518 run intensity divided by 582 nm intensity) are plotted vs. MgCl 2 concentration (mM 
Mg). The key (upper right) shows the probes examined. 



dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe T m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter arid quencher 
dyes drastically reduce the cleavage of 
probe. (1) 

The rise in RQ" values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ - than the In- 
ternal TAMRA probe. For the P2 pair, 
both probes have about the same RQ - 
value. For the P5 probes, the RQ - for the 
3' probe is less than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ~ value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ~. 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
terna] TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not Increase when the quencher is 
placed closer to the 3' end. This illus- 



trates the importance of being able to 
use probes with a quencher on the 3' , 
end in the 5' nuclease PCR assay. In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. By placing 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nucleotide, sometimes the 
probe works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cleaved 3' to 
the quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct In the S' nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact, a 2°C-3°C reduction 
in T m has been observed for two probes 
with internally attached TAMRAs. w This 
disruptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Abo, it 
means that cleavage of probe during PCR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al. (l> demonstrated that allele-spedfic 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
OF. 508 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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the 5' end and were designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
between reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be useful for allelic 
discrimination. 

In this study loss of quenching upon 
hybridization was used to show that 
quenching by a 3* TAMRA Is dependent 
on the flexibility of a single-stranded oli- 
gonucleotide. The increase in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy- 
bridization has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ization assays for diagnostics or other ap- 
plications. Bagwell et al. <l0) describe just 
this type of homogeneous assay where 
hybridization of a probe causes an in- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequence to form two imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PCR amplifi- 
cation. 
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Wc have developed a novel "real time" quantitative PCR mcihod. The method measures PCR product 
accumulation through a dual-labeled fluoiogenlc probe (i.c., TaqMan Probe). This method provides very 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
doe< nor require poa-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-lime PCR method has a very large dynamic 
range of starting tared molecule determination (at least (Ivc orders of magnitude). Real-time quantitative 
PCR is extremely accurate and tess-labor-intenslve than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important role in many fields of biologi- 
cal research. Measurement of genus expression 
(RNA) has been used extensively In monitoring 
biological responses lo various slimuli (Tan ft al. 
1994; Huang el al. 2995a,b; Prud'homme et al. 
1995). Quantitative gene analysis (T)NA) lias 
Ix-en used to determine the genome quantity of a 
particular gene, as in the case, or the human HER2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon U al. 1987). Ccnc and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(11JV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Pltitak ct al. jvy;ib; 
I-iirrado et al. lyys). 

Many methods have been described for the 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern VJ/b; Sharp ct 
al. 19K0; Thomas 1980). Recently, PCR has 
proven to be a powerful tool fOT quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase. (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made jxw- 
siblc many experiments lhat could not have, been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 
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that it be us«d properly for qunntluulon (R««y- 
maskers 1995). Many early reports of quantita- 
tive I'CK and RT-PCR described quantitation of 
the VCR product but did not measure the Initial 
target sequence, quantity. II is essential to design 
proper controls for the quantitation of the initial 
target sequences (I'crrc 1992; dementi ct al. 
1903) 

Researchers have, developed several methods 
of quantitative PGR and RT-PCR. One approach 
measures I'CK product quanlity in the lug phase 
of the reaction before the plateau (Kellogg et al. 
1990; Pang ct al. 1990). This mcihod requires 
lhai each sample has equal Input amounts of 
nucleic add and that each sample under analysis 
amplifies with Uknlical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
lilSe*, such ax p-actln) can be us»d for sample, 
{nullification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assuic. 
that all samples are analyzed during the log phase 
of the reaction (for lx>lh the taTgct gene and ihc 
normalization gene). Another method, quantita- 
tive competitive (QC)"RCR, has been developed 
and is used widely for PCR quantitation. QC-l'CR 
n:lics on the inclusion of an Internal control 
competitor in each reaction (Becker-Andre 1991; 
Plata k ct al. 1993a,b). The efficiency of each re- 
action is normalized to the internal competitor. 
a w n own aiiuiiiiil of Internal competitor tAti be 
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added to each sample. To obtain relative nuant- 
tallon, Ihu unknown target VCR product is ami- 
pared with the known competitor I'CK product. 
Success of a quantitative competitive I'CU assay 
reli«s on developing an It item ul control dial am- 
plifire with the same efficiency as the laigel 
cculc. The design Of the competitor and the vali- 
dation of amplification effideiicic* icquirc a 
dedicated effort. However, because QC-l-CR does 
not require that PC lit pioducts be analy^td during 
the log phase of the. amplification, it is th« cosier 
of the two methods to use. 

Several detection systems uie used for quan 
litative l'CR and RT-I»c:n analysis: (1) agarose 
gels, (2) fluorescent labeling ofPCR products and 
dclccilcrn wilh In.nTr-indiiced fluorescence using 
capillary electrophoresis (h'liseo ct al. 1995; Wil- 
liams et al. 1990) or acrylaiulde gels, and (3) plate 
capture and sandwich probe hybridization (Mul- 
der el al. 1994). Although these method* prnvrd 
successful, each method requires posl-J'CR ma- 
nipulatlons that add time, to the analysis and 
may lead to labuiatoiy i unlau'iination. -The. 
sample throughput of these method.-* i.s fhnltcd 
(wllli the vxccpilon of the plate capture ap- 
proach), .and, tlittftrfore., these methods ore not 
well suited fin um.-.-> demanding high sample 
throughput (i.e., screening of large nuuibers of 

l>lntuol«t.ul<r:> i)i aualy/.lng .-Wimples (\u diagno.->- 
tics or clinical trials). 

Here we report the development of n novel 
assay for quantitative DNA analysis. The assay is 
based on the use. of (he ,5' ' nuclease assay first 
described by Holland ct al. (199] J. The method 
uses the .V nuclease, activity of Tat/ polymerase to 
cleave a nnncxtcndlblc liybridl/.aiion probe dur- 
ing the extension phase of I'CU. The. approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lcc ct a). 1993; H ussier ct al. 1993; l.ivok 
et al. 199fio,b). One fluorescent dye serves as a 
reporter |FAM (i.e., 6-carboxyfluoresvcin)| and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., fi-carboxy-ietramethyl- 
lhodamine). The nuclease degradation of the hy- 
hrldl/Jttlon probe releases the quenching of llle 
I'AM fluorescent emission, resulting in an In- 
crease in peak fluorescent ernlssJon at SJH nin, 
Tlie use Of <i sequence detector (AUi i J rism) allows 
measurement of fluorescent spectra of all i>6 wells 
of the the.rmal eyelet continuously during the 
l'CR amplification. Therefore, the reuciiuus me 
monitored in real lime. The out put data Is de- 
scribed and quantitative analysis of input target 
ON A sequences ts discussed below. 
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PCR Produce Derecrlon in R«al Time 

The goal was to develop a high-throughput, sen- 
sitive, and neciirale gene quant hat Ion assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasmld encoding human factor 
Vlli gene sequence, pl'8TM (see. Methods). w;is 
used as a model therapeutic ge.no. The assny usr< 
fiuoreNCcnt Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Alii Prism 77(10 Sequence nelcclnr). The. 
Taqman reaction requires » hybridlzatttti probe 
lalxlcd with two different fluorescent dyes. One 
dye Is a reporter dyv (I'AM), the other Is quench- 
ing dye (TAMRA). When the proln: i.\ inlacl, fluo- 
icstcnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During Die extension 
phase of the VCR cycle, the fluorescent hybrid- 
ization probe Is cleaved by the 5'-.T nucleolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
sultinK hi uit increase of the reporter dye fluores- 
cent cintiwlti" apectra, l'CR primers and pruliuN 
were designed fin the human factor V] II se- 
quence and human p-autln gene (as described in 
Methods). Optimization reactions were per- 
formed to choose the appropriate probe um! 
magnesium concentrations yielding (he highest 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Instrument uses a 
charge-coupled device (i.e., CCD camera) for 
measuring the fluorescent emission spcetni from 
500 to rtSO nm. Kach.PCR lube was monitored 
sequentially for 2.1 msec with continuous moni- 
toring throughout tin: 'amplification. Uftch tube 
was rocxandncd every (1.5 sec. Computer Soft- 
ware. was designed to examinr the fluorescent In- 
tensity of both the reporter dye (I'AM) and 
the quenching dye (TAMllA). The lluorcsccnt 
intensity of t)ie quenching dye, TAMHA, changes 
very iltilft over the course of the PCR amplifi- 
cation (data not shown). Therefore., the Intensity 
of TAMllA dye emission serves as iin internal 
.tlandurd with Which to normullxe the reporter 
dye (FAM) emission variations. The software cal- 
culous <i value termed AKn (or A!*0) using the 
following equation: ARn - (lln J ) (Tin'), where 
Hn J . omission intensity of roporter/cmission in- 
tei>sity of quencher al tiny given time In o rene 
Oon tub*-, and Ru - emission intensitity of re- 
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poncr/omlsslon luti-mily i>f qucm-.her mco.surcd 
prior (0 I'CK aniplilicalion in lhar same reaction 
lube. I'or the purpose of quantitation, the W 
three data points (ARm) coHi.-c-ti.-il during the. ex* 
tension step for each I'CK cycle were analyzed. 
The misleolytic degradation of the. nybridix-iion 
probe occurs during inc extension phase or rut, 
and, therefore, reporter fluorescent ciiiihmom in- 
creases during this time. 'Hit: thiet: daw points 
were averaged for each K Jk cycle and the mean 
value for each was plotted in an "aiuplillcatton 
plot" shown In I'iflurc 1 A. Tlie AJRn mean value is 
plotted on the j'-axis, and time, represented by 
cycle number, is plotted on the A-axix. During the 
early cycles H f the PCU amplification, the' ARn 



value remains at base line When sufficlenl hy- 
bridixallon probe has been cleaved by tin? Tin} 
ix»tymcrast- nuflftAM Activity, thu iulensiiy of re- 
porter flunrcAccni emission liiereut^t-. Must K'.ls 
amplify! ions read) » plateau phaNc of reporter 
fluureHvnl omission If the reaction Is carried out 
to high cycle iiuiiiIh:i.v- The amplifirallon plot 1» 
exainiiiw.1 cuily in Um reaction, ut a point (hai 
icprcscnts ilu« log phase of prodmri amnriula- 
lion. This Is done by assigning an arbitrary 
'threshold thai is based on the variability of the 
base-line data. In Figure 1 A, the threshold was set 
at 10 standard deviations above, the mean fif 
base Unci enilsjuon calculated front c.ydc.t 1 lo 1 5. 
Once the threshold Is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The Model 7700 software will construct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined Irom the data points collected from the base line of the amplification plot values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
Standard deviation of the base line). (B) Overlay of amplification plots of serially (1 :2) diluted human genomic 
DNA samples amplified with (J-aetin primers. (Q Input ONA concentration of the samples plotted versus C T . All 
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the amplification plot crosses the threshold is elf 
fined as C,. C, is reported us Ihc cycle number ;n 
tlil« point. As will be demonstrated, lh« C, .value 
Is pieUiciive of the quantity of input tnrge.1. 

Crf Values Provide a Quantitative Measurement • of 
Input Target Sequences 

Plgnrc IB shows amplification plots of 3 i> •CliYl*;v- 
ent PGR amplifications overlaid. The amplifou- 
tions were performed on a 1:2 serial dilution 
human genomic UNA. l"hc amplified target v,iu 
human (J nctln. The amplification plots «hifl to 
the right (to higher threshold cycles) ns the, inpul 
target quantity is reduced, 'litis is expected 
cauxM MMC.tlonN with fewer starting copies of the 
target molecule require greater amplification to 
degrade enough probe to uttiiln ihc Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the G r values. Figure 1C represents the 
C r values plotted versus the sample dilution 
value, Each dilution was amplified in triplicate 
VCR amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C r values decrease linearly wjth Increas- 
ing target quantity. Thus, C r vulucs tan be used 
as a quantitative measurement of I lie input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6- ng sample shown In Plgure 
1H does not reflect the same fluorescent rate of 
Increase exhibited by iiiost of the other samples. 
The 15.6-ng sample also achieves endixmn pla- 
teau at a lower fluorescent value than wotile] be 
expected based on the input DNA. This phenom- 
cnon has been observed occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated C, value us 
demonstrated by the ill on Ihe line shown in 
Figure 1 C. Ail triplicate amplifications resulted in 
very similar Q- values— Ihc standard deviation 
did not exceed 0.5 for any dilution. This experi- 
ment contains a > 1 00,000-fold range of Input tar- 
get -molecules. Using C, values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range ol lluorcsccni in- 
tensity measurement of the AUI I'rlsm 7700 Se- 
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mt'iVts over n very large Tjnijji- of relative turning 
target quantities. 

Sample Preparation Validation 

Several parameters influence the oftlcUnry nf 
PCR amplification: magnesium and sail concen- 
tration*, rcjictlon conditions (i.e., time and te.tn- 
pe.raluro), PCN target size and composition, 
primer sequences, and sample puriTy. All of the 
above factors are common to a single I'CR assay, 
except sample to sample purity, in an effort to 
validate the. method of sample preparation for 
the iacior Vlll assay, PCR amplication rcproctuo. 
ihility and oiflciency ol 10 replicate sample 
)>re|>.ir.itioiis were, examined. After genomic DNA 
was prepared from the 10 replicate samples, the 
DNA was quantltalcd by ultraviolet spectroscopy. 
Amplincallons were performed analyzing p-aciln 
gem: content in 100 and 25 n^ of total genomic 
UNA. Each I'CR amplification was performed in 
triplicate. Comparison of C r values for each trip- 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each ol the triplicate PCU 
amplifications was highly reproducible, demon- 
strating that real time PGR using this Instrumen- 
tation introduces minimal variation Into the 
quantitative. J'CR analysis. Comparison of the. 
mean C n values of the JO replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for ft-aclln gene quantity. The highest f; T 
difference between any of the samples was 0.85 
anil 0.71 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification tjf cadi 
sample exhibited an equivalent rate of fluoro 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a I'CK inhibi- 
tor would exhibit a greater measured @-actin O r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with Ihe 
.sample in the dilution analysis (Hk. 2), altering 
the expected C, value change. Each sample am- 
pJJficalion yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard lo 
sample purity. 

Quantitative Analvsis of a Plasm id After 
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Tnblo 1. Reproducibility of t«nr»plo Preparation Method 



Samplo 

no. 



7 
8 
9 

10 

Mean 



100 ng 



25 ng 



18.24 

18.23 

10.33 

18.33 

18.35 

18.44 

18.3 

18.3 

18.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

1 8.66 

(1 10) 



18.27 0.06 

18.17 0.06 

18.34 0.07 

18.23 0.08 

18.42 0.04 

18.74 0.24 

18.39 0.12 

18.63 0.16 

18.29 0.1 

18.55 0.12 

18.-12 0.17 



standard 
mean deviation CV C T 



standard 
mean deviation 



20.46 
20.S5 

0.32 20,5 20.51 0.03 
20.61 
20.59 

0.3? 70.41 70.54 0.11 
20.54 
20.6 

0.36 20.49 20.54 0.06 
20.48 
20.44 

0.46 20.38 20.43 0.05 
20.68 
20.87 

0.23 20.63 20.73 0.1 3 
21.09 
21.04 

1.26 21.04 21.06 0.03 
20.67 
20.73 

0.66 20.65 20.68 0.04 
20.98 
20.84 

0.83 20.75 20.86 0.12 
20.46 
20.54 

0.55 20.48 20.51 0.07 
20.79 
20.78 

0.6S 20.62 20.73 0.1 
0.90 20.66 0.19 



CV 

Oil 7 

0.54 

0.28 

0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

0.16 
0,94 



(or containing a partial cDNA for human factor 
viu, pi ; 8TM. A series of trfirtsfcciions was sot 
up using a decreasing amount of ibe plasmid v (-40, 
•i, 0.5, and O.l u,g). Twi-.my-four hours post- 
ion, total r5h?A was purified from each 
flask of itlb. p-Aclin gciic.u,uaullty wai ihtw.-ii as 
a value for normalisation of ^i-iiumic ONA con- 
centration from trttch sample, hi this expeunient, 
(i-actin gene content Should remain constant 
relative to total genomic DNA. Figure 3 shows the 
result of (lie p-actln DNA measurement (100 jig 
total DNA determined hy ultraviolet spectros- 
copy) ot' each siiuiple. Kaeh sample was analyzed 
in triplicate and the mean p-actin Cr values of 
the triplicates were plotted (error bars represent 
r»a«iii««i ri<n»aiiont "I h»» hlPlwsT niffrrrnrr 



betwtwi any two samplci moans was 0MS C,, Jen 
nanograms of tolul UNA of «ach sample were also 
c-xainliicxl for p-aclln. 11 JC results again showed 
that very similar amounts of genomic DNA were 
present; the. maximum mean (4 actio C, value 
difference wa.s 1 .0. As 1'igurc 3 shows, the rate of 
p-actln C,. change between the 100 and 10-ng 
5i«n|)lc.-» was similar (slope values rangu barwoon 
3.56 and -3.45). This verifies again thai the 
method of sample preparation yields samples of 
identical PCM integrity (i.<'-. «o sample contained 
an excessive atnounl of a VCR Inhibitor). How. 
ever, (hc-se results indicate that cadi sample con 
talned slight diffctences in the actual amount of 
genomic DNA analysed. Determination of actual 
genomic i>NA concentration was accomplished 
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Figure 2 Soi i iple preparation purity. 1 he replicoto 
samples shown In Tabic 1 wore also amplified in 
tripicate using 2S fig ol each DNA sample. The fig- 
ui fe shows the input DNA concentration (1 00 arid 
25 ng) vs. C, In ihp figure, ihp 1O0 and ?H ng 
points for each sample are connected by a line. 



by plot ling the mean fi-actio C, value obtained 
,' fi.»T each 100- stuiiplu km .1 0-aciln standard 

< L-urve (shown in I'lg- 40>. The actual genomic 

DNA concentration of each sumpln, », was ob 
' tallied by extrapolation lo tltu A'uxii, 

Fiftviro 4A shows the measured. (I. it., non> 

normalised) quaiilltie.s of factor VJJJ plnsinid 

DNA (pJUTM) from each of the four transient cell 
1' traii,sf«ctions. Each reaciimi contained ]00 hff of 

total sample DNA (as determined by UV spcetros- 
) copy), liach sample was uiialyzed in triplicate 
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Figure 3 Analysis of tmnsfectcd cell DNA quantity 
and purity. I lit; DNA preparations of thu lour 293 
cell transactions (40, A, 0.5, and 0.1 ng °* pF8TM) 
were analyzed for the fi-actln gene. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transfected, the {i-actln 
C T values are plotted versus the total Input DNA 



aora 



M At riMI- OUANTITATIVH PCK 

\>CU amplifications- As shown, ul"8TM purified 
,h.oie Jbe 20H cells decreases (mean C, values in- 
crtitui^j with decreasing amounts of plastnld 
,lruml»\.lcd. The mean C t values obtained for 
(jrVTM -in 'Figure. 4A were plotted on a standard 
curve cs-mprlsed uf scilally dihilcd pKHTM, 
Shown .in figure 4B. The quantity ui pl-KTM, b, 
found in each of the four transections was de- 
termined by extrnpnlation to the * axis of the 
standard curve In l'igurc 4B. TJuisc uncorrected 
values, b, for pl-*HTM were iioruiMtli'Aid to deter- 
mine the actual amount of pl'8'lM found per 100 
UK <>r genomic ONA by using the equation:. 

h x 10(> tig uctual pt'S'l'M ctjples per 

' 1(K> ng of genomic 1>NA 

where a •- actual genomic ONA in a .sample and 

U w. pPH'fM copies from the standard curve. The 
normalised quantity of pl'STM per 100 ng of ge- 
nomic DNA for each of the four iranafcctlona Is 
shown In Hgure 4J K '11 1 esc results show thai the 
quantity of factor Vlll plasmid associated wiih 
the 29.1 cells, 21 hr after trunsfwl'mn, um.ii:.ise:. 
with Uccrcaslus plasmiil uiiu.eiUiatJoii used In 
the transfcrtion. The quantity of pl'tt'l'M nssoeJ- 
atexi with 293 celts, after transfection with 40 ixg 
of piiisnjid, was 35 ps p«r 100 ng 0 «iomic DNA. 
Tills results In -520 plasmid copies per cell. 



DISCUSSION 

Wo have described a new method for quantitni- 
gene copy numbers using rcal-tlmc Analysis 
of PCJR amplifications. Real-time PCK Is compat- 
ible with cJthw of the two PCR (KT-PCR) ap- 

proacho: (1) quonlllative eomiKiiiivc where an 
Iiitenwl wmpclllOl' for each target sequence is 
uses! for norniahwiUon (data not shown) or (2) 
quantitative comparative PCR using a nouintlii:ti- 
rjou gene contained within the sample (i.e., p-nc- 
tin) or a "housekeeping" gene for RT-PCK. If 
equal amounts of nucleic acid are analyzed for 
each sample and if the amplification effiiiwicy 
before quantitative analysis ■> identical for each 
sample, ihe hirernal conlml (noimalij'ation gene 
or competitor) should give equal signals for all 
samples. 

Tile real-time PCK method offers several ad- 
vantages over the oihcr two methods currently 
employed (see Ihe Introduction), l-'irsl, the real- 
time l\;R method Is perfonncd in a doscd-tube 
system and requires no post-PC^R manipulation 
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Figure 4 Quantitative analyKi* of pF8TM in transfccted cells. Amount of 
plasmid DNA used for the transection plotted against the uumm C, value deter- 
mined for pffiTM rcmalniny ?M br alter (ronsfoctlon. (0,0 Standard turves of 
pPRTM and 0-acdn, respectively. pTBTM DNA (0) and genomic DNA (Q were 
dilutftd « Arlally 1 :£ before amplification with the appropriate primers. The H-actin 
standard curve w«v usod to normalise the results of A to 1 00 ny of genomic DNA 
(0) The amount of pF8TM present pc:r 1 00 ng of genomic DNA. 



of sample. Therefore, lh«- |wttvnti«] for fCU con- 
tamination in the laboratory is reduced because 
amplified product)! un !«• auHlyyed and disposed 
of without opening the ruaetion tubes. Second, 
this method suppoils ihu use of a nxriniili^itloii 
gene (i.e., p-actin) for quantitative. PCR or house- 
keeping genes for quantitative RT-1'CK controls. 
Analysis Is performed in real time during the log 
phase of product accumulation. Analysis during 
lug phase permits many different genes ([over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching rend ion 
plateau at different cycles. Ttiis will make uiulll- 
gene analysis assays much caslv.i lu develop, be- 
cause individual interna] Miiiipctllui> will nut be 
needed for each gene under analysis- Third, 
.-.ample throughput will hu.iease diaiiialically 
with the new method because theve is no |x»t- 
TCI? procc-islng time. Additionally, winking in a 
D6-wcll fonnut Is highly compatible with aut<>' 
mation technology, 

The renl-tiuie PCR method is highly repro- 
ducible. Replicate amplifications can be analyzed 



for <?ach sample minimizing potential error. Tin;, 
sysutin allows for a very large assay dynamic 
runge (approaching 1,000,000-ftild starting Uii- 
gel). Ualiig u .standard curve for the target oi in- 
terest, relutlve copy number values can be deter- 
mined 1 for any unknown maniple. Fluorescent 
threshold values, C r> coneJair. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
HT' I'CK methodology (Gibson et al., this Issue) 
has also been developed, finally, real time quan- 
titative J'CR methodology can be used to develop 
high-throughput screening assay* for n variety of 
applications [quantitative gene CApieaakm (KT- 
FCR)i gene copy assays (Ilcr4, HIV, Clc), geno- 
typlng (knockout mouse analysis), and Immuiut- 
PCR]. 

Real-time PC'U may al.to be |->erformed using 
intercalating dyes (Hlguchi ct ul- such as 

eihJditim bromide. The fluorogentc prohe 
method offers a major advantage over inter- 
calating dyes- greater specificity (i.e., primer 
dlmvrs and nonspecific PCJR products are not de- 
tracted). 
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METHODS 

Generation of <i Plasmld Containing a Partial 
cDNA for Human Factor YIII 

Total RNA n«> harvested (UNAkoI It (rum 'I'd Test, Inc., 
hrtC'idswood, TX) from cell?, i i«iisreclecl with a factor V1H 
expression vector, pC:lS2.(k?.iI) (Koum et id. I«H0; Cor. 
mnn c.l al. 1900). A factor VIII partial el >NA so<|ll<'l)tv WAS 
K «m.rnle«i by If] l'f:lt |<;oneAnip liZ iTlll UNA PHI Xlt 
(pan N80K-0179, l't Applied HiOSySlCIVts, Postvi C'.ity, t;A)J 
using Hit.- l'c:i« primers FHfor m»d PRrov (primer sequences, 
are shown below). Tin- a in pi Icon was fcamplifii-d using 
modified MUfor and l-Hrcv primers (itpix-iuli-d wi(h-««i«NI 
and riwdlll restriction she sequences at the V ci'd> imri 
clonal Into jXil'M- 3Z (l*ron"i;o ttop., Maiitsoi), Wi). The 
resulting clone, pVSTM, was uscii lor transient transfecilon 
ol' 2M cell*. 



Amplification of Target DNA anil Detection of 
Amplicon Factor VIII llasmid DNA 

(pKflTM> was amplified wllli the piimeis IWor S'-<X.<.:- 
CrrUCi^AtiAUIJUAtXflCiTC-.T ailCt Pttrev S'-AAACCT- 
IMOCXrrOGA'lXiCj'I'ACiCi-A'.lliis ivaeilun piodutrd n 
uj> war, product. Tin 1 forwiird primer was deshtnvd u> let- 
ognlxu n uiilipic M'tjiu'iut' ftmnd In (he 5' untranslated 
retflon of the. patent pClS2,tk25l> plosioul mid thincfofe 
does not iwikiiUi: .mil amplify the human factor VIII 
gene. Primer* wore- choson with the avsislanrc of Ihf com- 
(>uicr program Olijjo i.u (National ltiuscionvcs, lnv„ Ply. 
mouth, MN). The luiman p-actln gene whs amplified with 
ll ic printer* |i-m lin forward primer £' TCACOO-AOAt TlX'/V 
GCCCATtTrACC'.'A-.V and f4-actiu reverse p> inter V.( :ACJ- 

CGGAACCC:trr<:A'nx»<:(^A'i'GG-3'. The reaction pro- 
duced a ays-hp vcu. product. 

Amplification reactions (SO p.!) contained it DNA 
sample. Klx I'CIl Buffer II (& 200 (am dATl', dCTl', 
dGTP, and 400 jiM rillTP, 4 nut MgCI,, 1.Z.S Units Ampll 
7W<; r;NA polymerase, 0,5 unit AinpKrnse uracil rV-Rly- 
unsylase (UNO), £0 pinole of each faoloi Vlll |trlmei, und 1S 
pinole of uuttii |t ae.lln pilmor. Tho leaetloits also ttontulucd 
OOC Of the foUowtng detection prnlies (WW) ism riit'li): 

I'Sj.^.tx- .'i'(l'AW)Ac:^r]•rrJ , c:^:A(:<:Tt;c-l•^ , (;'l•'l v r<:Tc:'l•. 

GCCTT(TAMRA)p 3' autl p-netiu probe 5' (TAM)ATC!CX:c:- 
XCfAMKAJCCCCCATCCCATCp-.T where p indicates 
pliosphorylftiicin nnd X Indieotcsa linker arm nucleotide. 
Reaction IuIk-> wrn- Mi<:mAii\p t>ptieal Tubes (port rtum- 
lier Nk01 l^rkljt Ulatet) that wOfv frvstMl (Mt IVrliln 

Timer) to |»r»-w«il Uylil from reflecting, Tube eapi were 
ilniil.ir in MirroAmp (^njM Im.i1 »pecially dtsiflitcd lo pre- 
vent Ufiln »eu(lvrii>{[. All ol th<- iK'M ^>n«..tu(iliU* were *ujt- 
t Aw.A hy PI! Applied lljt>4y»t<-ni» (l'-i»tor CMy, CA) except 
the factor VIU priiuera, wlik-H weic synlhwlwd at Cenen 
tccli, Inc. (South 5c»> Prunclsco, CA). Probes wiw designed 
using the Oligo 4.0 software, following guldclliics 
jjcst«i in tnc Model 7700 .Sequence' Deurtor In.niiiiiienl 
inuiiual. Urlcny, probe T„ ilioulil he nl least S"C higher 
than TUf afitifiillti« tempt'i^lu'c used dtirlnj; tlirnnul cy- 
cling; primers should not twin M«il>le dtiplexen' with (he 
probe. 

The tlicriudl cycling Cunditloivs Included 2 tnlii at 
50"f: and 10 niin al 95*0. 'Iltcrntal cycling proecrded with 
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reactions were iwrfonned in lh<- Mnrlol 77()tl.Src|Ucna' l>c- ■ 
Iw-tor (PU Applied lllusysjluiiiv), wlilrh conuhn -a Cruc- 
Amp I'f.U. SyMoni »JWJO. Uctaellon coiidiliO"^ wcrr- pro. 
grutllllleU un ,i I'uwor Maciiiti»li VI 00 (Apple f.r.«i»pii<Pr, 

Santa Clara, CiA) linked dirvcily to the Model Wfift Si- 
cjucnev Ikdector. Ana'y«l« «>l dsla w»v al«.i pcr</>or<cH on 
the Mm Utosh eontputer. fXInctlon and tmalyKlc software 
w«» develri|ted xt W. Applied Wosysltims. 

Ti anafectton of Cells with Factor VIII G>ni'(rutt 

l-our T17.S flasks of 293 cells (ATtK" CJXl. 157H). a tinman 
fetal kidney sut>r;enft<on cell line, were gniwn lo fiO'Mi.con- 
llm-my and transfcrted pI'tTI M. Cells were Krown in the 
N>imwltt|! media; S0% HAM'S C12 without OUT, 50% Ii»m 
glucose PnllKawt's tn««llflrd KaKle medium (DMIiM) with. 
out glyrine with sodium bicarbonate, 10% leial kHivinc 
sertmi", 2 him t.-j<luUinii)c, and 1% peniollin-slrcptomy- 
ilii. The media vyoj chonfjed 30 mln Mo«- Ihe Iranstec 
lion, pPUTM DNA amounts of 40, 4, OS, and 0.1 were 
iidiled It) La ml of a solution conialnliiR 0.IS5 m CmCI,: 
and 1 x llUI'ia. The four mixtures were left al room tem- 
l.ie.rptiire f<ii U) mln and then ad<le<l Hmpwlst- to the cells. 
Tlie n»»k» wen-.iiii.uUled al 37"C an-i - r ,% CX\ for 24 hr. 
washed with PUS, ami rojtuspc.ndcd In PUS. Tho hwiim 
jn'iuK:d cells were divided into »lic|u<>t.i und UNA WAS ex- 
rr»u:tf(l Itmticdluttly usittR llivOIAuiup KIoikI Kit (Qljfjen. 
(UintamMlti, OA). I>NA w»s cluted Into 200 ^.l ol 30 i.iU 
'IVIs-IICI ulpll B.0. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) CS7MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressible promoter, and (/i) Wnt-1 transgenic 
mice. The WISP-l gene was localized to human chromosome 
8q24.1-8q24 3. WISP-l genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2— 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsn) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-3/3) resulting in an increase in 
/3-catenin levels. Stabilized /3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (APC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). APC is phosphorylated by GSK-3/3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin{Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
muitilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-l 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
+To whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 ug of poly(A)'*' RNA isolated 
from the C57MG/Wnt-1 eel! line and driver cDNA from 2 ng 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDN A library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-1 were isolated by screening a A.gtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WlSP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WlSP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 yM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WlSP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCI cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<i«) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W/Sf-specific signal was 
normalized to that of the glyceraldehyde-3-phOsphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on (5-cateninlevels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression-after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively,- and encode proteins of 367 aa, with predicted 
relative molecular masses of ==40,000 (M, 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 2A). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of "»27,000 (Af r 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. 1. WISP-1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 /ig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP- 1-speciBc probe 
(amino acids 278-300) or a 190-bp WISP-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human W1SP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WlSP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-l. 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-l protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354 r aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
' human WISP proteins shows that WISP-l and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-l and'32% identity with WISP-3 (Fig. 3/1). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-l, WISP-2, and WISPS are novel sequences; 
however, mouse WISP-l is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding. glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 35) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-l and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (fl) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-l has" a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerizatiori and receptor binding (26). The CT domain is 
present in all CCN family members described, to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown).. 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
W1SP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-l and WISP-2. Expression of 
WISP-l and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-l expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-l, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 






Fig. 4. (A, C, E, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnl-1 transgenic mice. The correspond- 
ing dark-Held images showing WISP-l expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B),. 
expression of WISP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-l, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-l was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-l is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping' indicates that WISP-l is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-l resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-l 
amplification. Most cell lines showed significant (2- to 4-fbld) 
amplification, with the HT-29 and WiDrcell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-l locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-l and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-l in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-l (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-l genomic DNA in colon cancer cell 
lines. (A ) Amplification in cell line DNA was determined by quanti- 
tative PCR. (fl) Southern blots containing genomic DNA (10 /ig) 
digested with £coRI (WISP-l) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-l probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901^2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply. WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP'S was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amp] icon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . ■* 
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methods. Peptides AENK or AEQKwere dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described 2 "'. Briefly, after antigen pulsing (30(igmr' 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u.Ci of ^-thymidine and harvested for scintillation counting I6h later. 
Predigestion of native TTCF was done by incubating 200 (ig TTCF with 0.25 u.g 
pig kidney legumain in 500 nl 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5 mg reduced, carboxy-methylated human transferrin followed by 
concanavalin A chromatography' '. Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mU ml"' pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALD1-TOF mass spectrometry using a matrix of lOmgml" 1 o- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily*. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG) 5 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and. lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
Adcnowiedgementi w« thank m. Fcrguion for helpful disctmions and advice E.Sm n he and LCnyson famil y Hgands, which are expressed as type 2 transmembrane 
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cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
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RANKL 10 " 11 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K 6 = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 |xg ml" 1 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process'. Consistent with previous results", activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes''""". Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from ~65% to 
~30%, with half-maximal inhibition at —1 jig ml' 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL". 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment ol the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 10) 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the/V-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)' RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. P8L. peripheral blood 
lymphocyte. 



Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (sojid line, shaded area). TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (Z 3 < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled cells, b. 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1. DcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated withTNFRI-Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d. Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration: column 
fractions were analysed in a n assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 



700 




reaction (PCR)" in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene: is amplified frequendy in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 
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Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL. 5 ng ml"') oligomerized 
with anti-Flag antibody (0.1 u.g ml"') in the presence of the proposed inhibitors 
DcR3-Fc. Fas-Fc or human lgG1 arid assayed for apoptosis (mean ± s.e.m. of 
triplicates), b. Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a. in presence of 1 (i.g mr' DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interteukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fc, or DcR3-Fc (lOngml"'). 
After 16 h. apoptosis of CQ4' cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with 5, Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human lgG1 (triangles), and target-cell death was determined by 
release of s 'Cr (mean * s.d. for two donors, each in triplicate). 
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we mapped the human DcR3 gerie by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM218xe 7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG J ". 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 
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Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f, g, h, j, k, r), seven squamous-cell carcinomas (a, e, 
m, n. o, p. q), one non-small-cell carcinoma (b), one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T160, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin- 1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L !J . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG 1 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L". Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 1 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding'regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL' (2 u.g), together with pRK5 encoding CrmA 
(2|j.g) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl.-Fc and then with phycoerythrin-conjugated 
streptavidiri (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown),, it is possible that DcR3 recognized some other factor that is 
expressed constitutiyely on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with ( 15 S)cysteine and [ 35 S] methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (10u.M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5u.g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL ( 1 u.g) (Alexis) was incubated 
with each Fc-fusion protein ( 1 p.g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25p.g) was 
incubated with buffer or with DcR3-Fc (40 u.g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 (il aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 p.g ml"') for 24 h, and cultured 
in the presence of interleukin-2 (100 U ml"') for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with 5l Cr-loaded lurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of 5l Cr in effector-target co- 
cultures relative to release of 5l Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument ( ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159). the nearest 
available marker which maps to —500 kilobases from T160. and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2' 4CI1 , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralpgous £. coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. co/i IJ "* is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
•properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both Subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 5 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an 'U with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded P- 
sheet (P3 and P8-p 12) spans both arms of the L, with a domain of a 
ct- plus P-type structure (pi, P2, P4-P7, al and ct2) on one side 
(within arm I) and a domain of mostly ot-helices (c<3-a9) on the 
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Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A. comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a, towards arm II, showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with fvtOLSCRlPT 29 . N. amino terminus: C. C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-prbduct carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (wye, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccnd7 and ert>B2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. !. 
Cancer 78:661-666, 1998. 
© 1998 miey-Liss. Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et ai, 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
. cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ (1 lql3), and erbB2 (1 7ql2-q21) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns el ai, 1992; 
Schuuring et ai, 1992; Stamon et ai, 1987). Muss et ai (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
erbB2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in rumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard cu?ve- is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
. novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai. 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
el ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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GENE AMPLIFICATION BY REAL-TIME PCR 



Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbBl proto-oncogenes, 
and the P-amyloid precursor protein gene (app), which maps to a 
chromosome region (2 1 q2 1 .2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et at., 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qll-ql3). 
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Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/p.1. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as I0 2 copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes (app and alb) 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Ficure 1 - Albumin (alb) gene dosage by real-time PCR, Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 s (A9), 10 4 (A7), 10 3 (A4) to 10 s (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app. 21q21.2: alb. 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et al., 1 994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 i 0.21), and was similar for the 108 primary* breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb&? gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 i 0.22) for myc. 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 i 0.19) for erbB2. Since N values 
for myc, ccndl and erbB2 in normal leukocyte DNA consistently 
fell between 0.5 and 1 .6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erbB2 gene dose in breast-tumor DNA 

myc, ccndl and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbB2 and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbB2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbB2 copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbB2). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southem-blot analysis of myc, ccndl and erbB2 amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N 5: 5). However, there were cases (1 myc, 6 ccndl and 4 erbB2) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern. blotting is also iime-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND w*B2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


25 


myc 


0 


97(89.8%) 11(10.2%) 


0 


ccndl 


0 


83 (76.9%) 17(15.7%) 


8(7.4%) 


erbB2 . 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7.4%) 



ETAL. 

reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et a!.. 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et al., 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABT Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et al.. 
1996; Slamon et al., 1989). However! FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (0 Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et al, 1994). (if) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns et al., 1992; Borg et al., 1992). (/'/')') 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbB2 amplifica- 
tion, confirming the findings of Borg et at. (1992) and Courjal .e/ al. 
(1997). (iv) The maxima of ccndl and erbB2 over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 



< 



GENE AMPLIFICATION BY REAL-TIME PCR 
Amplification - CCND1 



665 




-Samples 



K) FAM - A8 
K! FAM - E12 
Kl FAM - G1 1 



Viewer: [ ARn (B... ^ [ 



I I I I I I I I I I I I I I I I I -I I l l l 

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 Reporter | FAM -r | 
Cycle 



Amplification - ALB 



& 
4 



Samples 




l I l l l l i i l l i i i l i i I I I l l l l l l l i l l l l I l I l l l 
0 2 4 6 8 10 12 14 16 J8 20 22 24 26 28 30 32 34 36 38 40 Reporter: | FAM ▼ ) 

Cycle 



CCND1 



ALB 



Tumor Copy number c t Copy number 



T118 



27.3 



4605 



26.5 



4365 



T133 



23.2 



61659 



25.2 



10092 



T145 



22.1 



125892 



25.6 



7762 



Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 18 (El 2, C6, black squares), Tl 33 (Gl 1, B4, red squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table H. 



30-fold maximum) (Bems el ai, 1992; Borg era/.. 1992; Courjal el 
ai, 1997). (v) The erbBl copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An ei a/., 1995; Deng el ai, 1996;Valeron 



el ai, 1996). Our results also correlate well with those recently 
published by Gelmini et ai ( 1 997), who used the TaqMan system to 
measure erbBl amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




Nccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


TU8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Hccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degTee of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erb&2) observed by means of real-time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al., 1992; 
Slamon e7 a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erftB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbB2 is located in a chromosome 
region (17q21) reported to contain both deletions and 'amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paul Polakis, Ph.D:, declare and say as follows: 

1 I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

— significantly Wgherlevels-te 

have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1 00 1 of Title 1 8 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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SECOND DECLARATION OF PAUL POLAKIS. Ph.D. 
I, Paul Polakis, Ph.D., declare and say as follows: 

1. I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. 

2. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genemech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying tumor cell markers that find use 
as targets for both the diagnosis and treatment of cancer in humans. 

3. As I stated in ray previous Declaration dated May 7, 2004 (attached as 
Exhibit A), my laboratory has been employing a variety of techniques, 
including microarray analysis, to identify genes which are differentially 
expressed in human tumor tissue relative to normal human tissue. The 
primary purpose of this research is to identify proteins that are abundantly 
expressed on certain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at detectably lower levels, on normal tissue(s)! 

4. In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To date, we 
have successfully generated antibodies that bind to 31 of the tumor antigen 
proteins expressed from these differentially expressed gene transcripts and 
have used these antibodies to quantitatively determine the level of 
production of these tumor antigen proteins in both human tumor tissue and 
normal tissue. We have then quantitatively compared the levels of mRNA 
and protein in both the tumor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, *V means 
that the mRNA or protein was detectably overexpressed in the tumor tissue 
relative to normal tissue and "-" means that no detectable overexpression 
was observed in the tumor tissue relative to normal tissue. 

5. As shown in Exhibit B, of the 3 1 genes identified as being detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the mRNA level . 28 of them (i.e., greater than 90%) are also detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the protein level . As such, in the cases where we have been able to 
quantitatively measure both (i) mRNA and (it) protein levels in both (i) 
tumor tissue and (ii) normal tissue, we have observed that in the vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in the level of protein encoded by that 
mRNA. 




6. Based upon my own experience accumulated in more rhan 20 years of 
research, including the data discussed in paragraphs 4-5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion thai for human genes, an increased level of mRNA in a tumor 
tissue relative to a normal tissue more often than not correlates to a similar 
increase in abundance of the encoded protein in the tumor tissue relative to 
the normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRNA levels are more 
often than not predictive of elevated levels of the encoded protein. In fact, 
an entire industry focusing on the research and development of therapeutic 
antibodies to treat a variety of human diseases, such as cancer, operates on 
this working assumption. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be 
true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code- and thai such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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EXHIBIT A 

DECLARATION OF PAUL POLARIS, Ph.D. 
I, Paul Polakis, Ph.D., declare and say as follows: 

1. I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job tide is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 

expressed from these differentially expressell^ne^aTiscripts^d^iave-used-these 

antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared die levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the inRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that raRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
, to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the val idity of the application or any patent issued 
thereon. • 
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ABSTRACT 

Genetic changes underlie rumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de- 
scribed the use of comparative genomic hybridization (CGI1) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantltate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 Independent amplicons, ranging in size from 0.2 to 12 
Mb. Throughout the genome, both high- and low-level copy number 
changes bad a substantial impact on gene expression, with 44% of the 
highly amplified genes showing ovcrexpression and 10.5% of the highly 
over-expressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. These 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations,, including the HOXB7 gene, 
the presence of which in a novel amplicon at 17q21J was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpresslon Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited. 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid rumors. Besides amplifications of known oncogenes, over 
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Fig. 1 . Impact of gene copy number on global gene expression levels. A. percentage of 
over- and undercaprcsscd genes (Y axis) according to copy number ratios IX axis). 
Threshold values used for over- and undcrexpression were >2.184 (global upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of the expression ratios). B, percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were >U and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (6) identify and characterize those genes whose mRNA expres- 



3 The abbreviations used are: CGH. comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR. reverse transcriptiort-PCR. 
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Fig. 2. Genome-wide copy number and expression analysis in the MCF-7 breast cancer cell line. A. chromosomal CGH analysis of MCF-7. The copy number ratio profile {blue 
line) across the entire genome from 1 p telomere to Xq telomere is shown along with ± I SD {orange Una). The black horizontal line indicates a ratio of 1.0; red line, a ratio of 0.8; 
and green line, a ratio of 1 .2. B-C, genome-wide copy number analysis in MCF-7 by CGH on cDNA micraarray. The copy number ratios were plotted as a function of the position 
of the cDNA clones along the human genome. In B, Individual data points are connected with a line, and o moving median of 1 0 adjacent clones is shown. Red horizontal line, toe 
copy number ratio of 1.0. In C individual data points arc labeled by color coding according to cDNA expression ratios. The bright red dot] indicate the upper 2%, and dark red dots. 
the next 5% of the expression ratios in MCF-7 cells (overexpressed genes); bright green dots indicate the lowest 2%, and dark green dots, the next 5% of the expression ratios 
(uoderexpressed genes); the rest of the observations are shown with black crosses. The chromosome numbers are shown at the bottom of the figure, and chromosome boundaries are 
indicated with a dashed line. 



sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast Cancer Cell Lines. Fourteen breast cancer cell lines (BT-20, BT- 
474.HCC1428, Hs578t, MCF7, MDA-361. MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1. and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas. VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Micro arrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (11-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known 
genes. CGH experiments on cDNA microarrays were done as described (14, 
IS). Briefly, 20 jig of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with Alu\ and Rsa\ (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
Hg of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, Inc.). Hybridization (14, 15) and 
posthybridization -washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty fig of reference RNA were 
labeled with Cy3-dUTP and 3.5 ng of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alio, CA) was used to measure the fluorescence intensities at the target 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements {I.e., copy number data with mean reference 
^^ftkitensity <100 fluorescent units, and expression data with both test and 
^^Bcfercnce intensity <IO0 fluorescent units and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number. Genes with CGH ratio >l.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, we applied the 
following statistical approach. CGH and cONA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, > I -43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-to-noise 
statistics (I). We calculated a weight, w r for each gene as follows: 

m,, - ntg,, 
W * ~ "at + "so 

where m gU o- fll and tr^ denote the means and SDs for the expression 
levels for amplified and nonamptified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and Ampllcon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 141.' A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



* Internet address: http7/rcKMch.nhgri. nih.gov/roicroarray/dou-nloadable_cdna.hlml. 
7 Internet address: www.gcnomc.ucsc.edu. 
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Table I Summary of Independent amplicons In 14 breast cancer cell lines by 
CGH microarray 



Location 

Ipl3 
Jq2l 
Iq22 
3pl4 

7pl2.l-7pll.2 

7q31 

7q32 

8q21.ll-8q2l.l3 
8q213 

8q23.3-8q24.14 

8q24.22 

9pl3 

I3q23-q3l 

16q22 

I7qll 

17ql2-q21.2 

I7q2132-q2l.33 

17q22-q233 

I7q23.3-q243 

I9q13 

20qt 1.22 

20ql3.12 

20ql3.l2-ql3.13 

20ql3.2-ql332 



Start (Mb) 


EDO \mB) 




132.79 


13194 


0.2 


173.92 


177.25 


33 


179.28 


179.57 


0.3 


71.94 


74.66 


2.7 


55.62 


60.95 


53 


125.73 


130.96 


5.2 


140.01 


140.68 


0.7 


86.45 


92.46 


6.0 


98.45 


103.05 


4.6 


129.88 


142.15 


123 


151.21 


152.16 


1.0 


38.65 


39.25 


0.6 


77.15 


8IJ8 


4.2 


86.70 


87.62 


0.9 


29.30 


30.85 


1.6 


39.79 


42.80 


3.0 


52.47 


55.80 


33 


63.81 


69.70 


5.9 


69.93 


74.99 


5.1 


40.63 


41.40 


0.8 


34.59 


35.85 


1.3 


44.00 


45.62 


1.6 


46.43 


49.43 


3.0 


51.32 


59.12 


7.8 



CGH were validated, with lq21, 17ql2— q21.2, 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified. Furthermore, 
the boundaries of these amplicons wec-e precisely delineated. In ad- 
dition, novel amplicons were identifie-d at 9pl3 (38.65-39.25 Mb), 
and 17q21.3 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression «lata on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl J— pl2 (Fig. 3A). In BT-474, the two known amplicons 
at 17qI2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3B). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB 7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH, Fig. 3 B, inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, andZR-75-30 cells. Furthermore, this novel 



extended to include neighboring rmnamplified clones (ratio, <\S). The am- 
piicon size determination was partially dependent on local clone density. 

FISH. Dual-co)or interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectrumOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orange-labeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of lest probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test. 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promego Corp., Madison, Wl) with 10 ng of mRNA 
as a template. HOXB7 primers were 5 '-G AGC AG AGGGACTCGGACTT-3 ' 
and 5' -GCOTCAGGTAGCG ATTGT AG-3 ' . 

RESULTS 

Global Effect of Copy Number on Gene Expression- 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH raicroarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e.. belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 




BT-474 
Clw.17 



• HOXB7 



• PPU1D 

• OLTC 
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Fig. 3. Annotation of gene expression data on CGH microarray profiles. A, genes in the 
7pl l-pl2 amplicon in the MDA-468 cell line ire highly expressed (red dots) and include 
the EGFR oncogene. B. several genes in the 17q)2, 17q2l.3. and I7q23 amplicons in the 
BT-474 breast cancer cell line arc highly overexpressed (red) and include the HOXB7 
gene. The data labels and color coding arc as indicated for Fig. 2C. Insets show 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR {red) and chromosome 7 
centromere probe (green) to MDA-468 (A) and rYGXeV-specilic probe {red) and chro- 
mosome 17 centromere (green) to BT-474 cells (B). 
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Fig. 4. List of . 50 genes with a statistically 
significant correlation (o value <0.OJ) between 
gene copy number and gene expression. Name, 
chromosomal location, and the a value for each 
gene are indicated. The genes have beenordered 
according to their position in the genome. The color 
maps on the right illustrate the copy number and 
expression ratio patterns in the 14 cell lines. The 
key to the color code is shown at the bottom of the 
graph. Gray squares, missing values. The complete 
list of 270 genes is shown in supplemental Fig. B. 




amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 15] 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that'could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in > 1000 publications applying CGH 9 (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



• Internet address: htrn:/;www.gcneontology.org/. 



* Internet address: http://www.ncbi.nlm. nih.gov/entrcz. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns m 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24). 

The CGH raicroarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the homeobox gene region at 17q21.3 and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27. 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
turaorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent 'mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing ~2% of all genes on the array), including not only 
previously described amplified genes, such as HER-2, MYC, 
EGFR, ribosomal protein s6 kinase, and AIB3, but also numerous 
novel genes such as NRAS-related gene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological' insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (A) a high-resolution map of 24 independent 
amplicons in breast cancer, and (c) identification of a set of 270 
genes, the overexpression of which was statistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 



between HOXB7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development. 
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RNA Common Reference Sets 

Jonathan R. Pollack 

Department of Pathology, Stanford University School of Medicine, Stanford, California 94305 . 

To measure gene expression using microarrays, two different mRNA preparations are labeled, 
using different fluors, and cohybridized to a cDNA microarray. For each gene-specific ele- 
ment in the array, the ratio of intensity of the two fluors reflects the relative abundance of that 
particular mRNA in the two preparations. 

The use of two-color labeling has the important property of robustly eliminating effects 
due to variation in the amount of DNA spotted on the arrays, variation in the stringency of 
the hybridization (salt concentration, temperature, and duration of hybridization), and vari- 
ation in the local concentration of labeled sample during hybridization. Any changes in these 
parameters should affect the numerator and denominator of fluorescence ratios equally and 
thus would not influence measured fluorescence ratios. 

In studies that include many different RNA preparations, it becomes impractical to 
hybridize all pair- wise combinations of samples. The solution is to hybridize each of the 
experimental samples against the same common reference RNA preparation, and to calculate 
the level of each mRNA relative to the reference. The relative abundances of mRNAs among 
the different experimental samples are then calculated indirectly, from the ratio of ratios. 

For many experiments, a "natural" RNA reference sample is available, for example, when 
quantifying changes in mRNA abundance over time (reference = time zero sample) or after 
treatment with a drug (reference = control unexposed to drug). However, in certain 
instances, such as in the measurement of mRNA abundances in different tumor samples, no 
natural reference exists. In such cases, an mRNA "common reference set" can be used (Eisen 
and Brown 1999) . If each test (i.e., tumor) sample is compared to the same common refer- 
ence set, then the relative intensity of gene expression among the samples can be calculated. 
In this type of experiment, the common reference set becomes the denominator for all meas- 
ured fluorescence ratios. 

An ideal common reference set should hybridize with sufficient signal intensity to all or 
nearly all of the DNA elements in the array, should be easy and cost-effective to prepare, and 
should be easily reproduced to allow comparison of samples over time and between locations. 
Note that the common reference set need not have any particular biological purpose or prop- 
erty and need not include RNA from every cell type under investigation. However, a good ref- 
erence set should generate a readable signal from most elements on the array. In addition, for 
the reference set to be useful to a broad group of researchers, it should be constructed from'val- 
idated sources that are readily available. In practical terms, a common reference comprising 
pooled RNA from stable lines of cultured cells meets many of these criteria. 

This protocol outlines the preparation of an RNA common reference set used extensively 
by the cDNA microarray community at Stanford University (Perou et al. 1999, 2000; Ross ct 
al. 2000). This reference set is produced from 11 different established cell lines (see Table 3- 
6), many of which are available from the American Type Culture Collection. These cell lines 
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are easy to grow and, in combination, hybridize to a large majority of arrayed cDNA ele- 
ments. Although the optimal number of cell lines used in a reference set has not been estab- 
lished experimentally, it is perhaps important not to use too many different cell types. The 
pooled RNA may dilute to the point of invisibility low-abundance transcripts that are 
expressed in only one or a few of the cell lines in the set. 

Most laboratories with the infrastructure required for DNA microarrays should be able to 
reproduce the Stanford common reference set. In general, the work load involved in produc- 
ing a batch of the common reference set typically could require a period of 2-3 months of 
full-time work to grow up the 1 1 cell lines and purify sufficient RNA for several thousand 
array hybridizations. However, for some investigators, a commercial reference set may be the 
best option. Stratagene Inc. sells a common reference set of RNA extracted from ten human 
cell lines (Npvoradovskaya et a). 2000). However, unlike the Stanford set, few details are avail- 
able about the cell lines and their provenance. 

Both the Stanford and the Stratagene common reference sets allow rational comparison 
of microarray results within and between laboratories. Other possible reference sets, less 
commonly used, that may be able to fulfill the same purpose include labeled genomic DNA 
or RNA generated by transcription of a pool of cDNAs in vitro. 

WHY USE A COMMON REFERENCE SET? 

Consider an experiment whose goal is to identify genes that are expressed at different levels 
in tumors and normal cells. Two experimental designs are possible: 

• Tumor versus tumor versus normal 
Samples: Ti,T2,Nl,N2 

Options for comparison: 

Tl vs. Nl, T2 vs. N2, Tl vs. N2, T2 vs. Nl, Tl vs. T2, Nl vs. N2 
This matrix provides a comparison of all possible combinations and has the advan- 
tage that questions are addressed by direct comparison: How does one tumor com- 
pare with another? How does tumorous tissue compare with normal? How does 
normal compare with normal? However, this approach is only practical when the 
number of samples is very small, as the number of combinations increases expo- 
nentially with the number of samples. 

• Tumor versus reference, normal versus reference 
Samples: Tl, T2, Nl, N2, R 

Options for comparison: 

Tl vs. R, T2 vs. R, Nl vs. R, N2 ys. R 

Here, all samples are tested against a common reference RNA and comparison is 
made indirectly with respect to the reference. The number of combinations is man- 
ageable as they increase linearly with the number of samples. In addition, compar- 
isons can be made between experiments and investigators who use a common ref- 
erence. A potential disadvantage is that inferences are made indirectly between 
samples, via the reference, potentially reducing the resolving power of the experi- 
ment. The ideal common reference therefore should be widely accessible, available 
in unlimited amounts, and should provide a signal over a wide range of genes. 
These issues are considered in more detail in Section 7. 

Figure 3-12 illustrates the differences in these two experimental designs. 
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FIGURE 3-1 2. Differences in performing all pairwise combinations vs. using a common reference. 



MATERIALS 



CAUTION: Please see Appendix 3 for appropriate handling of materials marked with <!>. 

Buffers and Solutions 

Please see Appendix 2 for components of stock solutions, buffers, and reagents. 
Dilute stock solutions to the appropriate concentrations. 

ATRA (all-rrans retinoic acid; R 2625, Sigma) 

Prepare a 10 mM stock in DMSO. 
Cell culture media 

RPMI 1640 (GIBCO or equivalent) 

10% fetal bovine serum (Hyclone or equivalent) 

penicillin and streptomycin (lx concentration, GIBCO) 

Phosphate-buffered saline (PBS), lacking Ca 2+ and Mg 2+ 
lxTrypsin-EDTA 



Gels 



Agarose gel (1%) containing 2.2 M formaldehyde <!> 
For details, please see Sambrook and Russell (2001 ). 



Special Equipment 

FastTrack 2.0 mRNA isolation kit (Invitrogen) 

Humidified incubator with an atmosphere of 5% C0 2 

Laminar flow hood for passaging and harvesting of cells 

Roller bottles and appropriate incubator (alternative to tissue culture dishes) 

Tissue culture dishes (15 cm) 

UV spectrophotometer 
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TABLE 3-6. Cell Lines Used in Stanford "Common RNA Reference" 



Name 



Description 



Growth ATCC catalog No. 
properties or Reference 



MCF7 breast adenocarcinoma-derived cell line 

Hs578T breast adenocarcinoma-derived cell line (stromal-like) 

NTERA2 teratoma-derived cell line 

Colo205 colon tumor-derived cell line 

OVCAR-3 ovarian tumor-derived cell line 

UACC-62 melanoma-derived cell line 

MOLT-4 T cell leukemia-derived cell line 

RPM1 8226 multiple myeloma-derived cell line 

NB4+ATRA acute promyelocytic leukemia-derived cell line 

SW872 liposarcoma-derived cell line 

HepG2 liver tumor-derived cell line 



adherent 

adherent 

adherent 

mixed 

adherent 

adherent 

suspension 

suspension 

suspension 

adherent 

adherent 



ATCC HTB-22 
ATCC HTB- 126 
ATCC CRL-1973 
ATCC CCL-222 
ATCCHTB-161 
Stinson et al. (1992) 
ATCC CRL-1582 
ATCC CCL- 155 
Lanotte et al. (1991) 
ATCC HTB-92 
ATCCHB-8065 



Cells and Tissues 



Cell lines , . , „ , , ( 

Please see Table 3-6 for a listing and description of cell lines used in the Stanford common ref- 
erence set of RNAs. Of the 1 1 cell lines, 9 are currently available from the American Type Culture 
Collection (www.atcc.org). However, because NB4 and UACC-62 are not at present distributed 
by the ATCC, it is impossible to replicate the Stanford Common Reference Set from publicly 
available sources. We therefore recommend that HL-60 cells (ATCC CCL-240) be substituted for 
NB4 cells and that the SK-MEL-2 melanoma cell line (ATCC HTB-68) be substituted for UACC- 
62 cells. Because the aim should be to preserve the "commonality" of the reference set as far as 
possible, other substitutions by individual laboratories are discouraged. 



METHOD 



Growing Cell Lines 

The 1 1 cell lines listed in Table 3-6 are easy to maintain and grow in either monolayer or sus- 
pension culture. This protocol is designed for cells growing in culture dishes. If suspension 
cultures are grown in flasks or roller bottles, adjust the protocol accordingly. 

1 . Maintain the 11 cell lines in RPMI 1640 supplemented with 10% fetal calf serum in 15- 
cm tissue culture dishes at 37°C in an atmosphere of 5% C0 2 in air. 

Cells should be passaged when approaching confluence at -1:5 dilution using standard 
trypsinization procedures for adherent lines. 

Record passage numbers of cell lines in a log book or database. Store master cultures of early 
passages in liquid nitrogen in small aliquots in medium containing 10% DMSO. 
Discard cell lines after ten passages in cell culture and replace them from frozen master cultures. 
Wherever possible, use the same batch of fetal calf serum to grow the 1 1 cell lines. Serum 
is probably a significant source of batch-to-batch variation in reference RNAs. Record the 
batch numbers of serum and medium used for each passage of each cell line. 

2. Expand the cell numbers so that 10-20 15-cm tissue culture dishes of each cell line can 
be grown. 

3. Change the media 48 hours before harvesting the cells for isolation of mRNA. 

Media changes produce alterations in the pattern and intensity of gene expression. To min- 
imize variation between preparations of common reference RNAs, establish standardized 
protocols for growing and refeeding cells and follow them faithfully. 
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4 Add all-trans retinoic acid (ATRA) to a final concentration of 10 tiM to the culture medi- 
' um of NB4 cells (or substituted HL-60 cells) -48 hours before harvesting the cells. 

NB4 and HL-60 cells are derived from eases of human promyelocytic leukemia. Addition 
of ATRA induces, over the course of 48 hours, the expression of genes spec.fic to granulo- 
cytic differentiation with concomitant maturation of the cells. 

5 Harvest the cells for mRNA isolation at -80% confluence. 

Patterns of gene expression change as cell cultures approach confluence. To minimize vari- 
ation among preparations of common reference RNAs, standardize protocols for growing 
and harvesting cells and follow them faithfully. 



Preparation of mRNA 

6. Prepare mRNA from the cell lines using, for example, the FastTrack 2.0 (Invitrogen) 
mRNA isolation kit. 

a. Remove the media from the culture by aspiration. 

b. Lyse the cells on the surface of the dishes using the lysis buffer supplied by the manu- 
facturer. 

c Isolate the mRNA by batch chromatography on oligo(dT)-cellulose. 

A number of methods can be used to prepare either total RNA or mRNA from cell lines. 
The Stanford group routinely uses the FastTrack 2.0 (Invitrogen) mRNA Eolation kit. 
The FastTrack kit yields mRNA of high quality for labeling and hybridization to DNA 
microarrays, although less expensive alternatives are likely to be equally effective. 

An outline of the procedure is given here; for details please see Protocol 6. 

7 Determine the yield and purity of mRNA by UV spectrophotometry or staining with 
RiboGreen (please see the information panel on QUANTIFICATION OF RNA). 

8. Assess the quality and integrity of the mRNA by denaturing gel electrophoresis through 
formaldehyde-agarose gels (please see information panel on MAMMALIAN, PLANT, AND 
BACTERIAL RNAS). 

9 If the quantity and quality of the isolated mRNA are satisfactory, combine equal amounts 
' (weight) of mRNA from each cell line and mix well. Distribute the pooled RNA mixture 
into small aliquots (10-20 Jig), and store them at -80°C or as described in the informa- 
tion panel on STORAGE AND RECOVERY OF RNA. 



CAUBRAnnc Different batches of Common reference RNA 



Although every effort is taken to grow the cell lines and isolate the mRNA in a un.form and *andardrad 
mannefeven^light differences in the treatment of cells, or in the quantitation of mRNA, may change the 
ThundancS of mRNA species in the reference set To correlate results obtained from experiments using d.r- 
SS^SS^Sna. sets, it may be necessary to quantify and correct for tj^S^S 
tion. This correction may be achieved by labeling different hatches of 

hvbridizine them in pair-wise crosses to DNA microarrays. After this experiment has been repeated sever 
^t^Ls^ "calibration" coefficient can be calcubted I breach ^cntajj 
These coefficients may be used to correct for systematic differences caused by batch-to-batch xanation 
the common reference sets. 
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HER-2/neu Breast Cancer Predictive Testing 

Julie Sanford Hanna. Ph.D. and Dan Mornin, M.D. 



Each year, over 1 82,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased survei I lance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
Over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the. epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpresscd in 1 0%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(1HC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 16.7% for 
patients with no HER-2/neu gene amplification. 4 HER-2/neu 
status may be particularly important to establish in women with 
small (s; 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not. The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uti- 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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PT code information 



HER-2/neu via IHC 

88342 (including interpretive report) 

HER-2/neu via FISH 

88271x2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
8829 1 Cytogenetics and molecular cytogenetics, interpre- 
tation and report 



Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest©. The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ef the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome 17 centromere and the second for the HER- 
2/neu oncogene located at 17ql 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplifica tion levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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ABSTRACT . The consistent cytogenetic translocation .of 
chronic myelogenous leukemia (the Philadelphia chromosome, 
Ph 1 ) has been observed in cells of multiple hematopoietic 
lineages. This translocation creates a chimeric gene composed 
of breakpolnt-clusler-reglon (6cr) sequences from chromosome 
22 fused to a portion of the «M oncogene on chromosome 9, The 
resulting gene product (P2i6 MW ) resembles the transforming 
protein of the Abelson murine leukemia virus In Its' structure 
and tyrosine kinase activity. P210 Mbl Is expressed fa Ex- 
positive cell lines of myeloid lineage and in clinical specimens 
with myeloid predominance. We show here that Epstein-Barr 
virus-transformed B-lymphocyte lines that' retain Ph l can 
express P210 c "* w . The level of expression In these B-cell lines Is 
generally lower and more variable than that observed for 
myeloid tines. Protein expression is not related to amplification 
of the abl gene but to variation in the level of bcr-abl mRNA 
produced from a single Ph' template. 



Chronic myelogenous leukemia (CML) is a disease of the 
pluripotent stem .cell (1). In greater than 95% of patients, the 
leukemic cells contain the cytogenetic marker known as the 
Philadelphia chromosome, or Ph* (2). This reciprocal 
translocation event between the long arms of chromosomes 
9 and 22 has been used as a disease-specific marker for 
diagnosis and evaluation of therapy. Multiple hematopoietic 
lineages, including myeloid and B-lymphoid, contain Ph 1 in 
early or chronic phase, as well as in the more acute accel- 
erated and blast crisis phases of the disease. . . 

One molecular consequence of Ph 1 is the translocation of 
the chromosomal arm containing the c-abl gene oh chromo- 
some 9 into the middle of the breakpoint-cluster region {bcr) 
gene on chromosome 22 (3-6).- Although the precise 
translocation breakpoints are variable, an RNA-splicing 
mechanism generates a very similar 8-kilobase (kb) mRNA fa 
each case (5-9). The hybrid bcr-abl message encodes a 
structurally altered form of the abl oncogene product, called 
P2l6 c- * b ' (10rl3), with an arrunc-terininal segment derived 
from a portion of the exbns of bcr On chromosome 22 and a 
carboxyl-termfaal segment derived from a major portion of 
the exohs of the c-abl gene on chromosome 9. The chimeric 
structure of bcr-abl and the resulting .P210'i* M is similar to the 
structure of the Abelson murine leukemia virus gag-dbl 
genome and resulting P160! H,W transforming gene product. 
Both proteins have very similar tyrosine kinase activities (10, 
11, 14) which can be distinguished by their relative stability 
to denaturing detergents and by their ATP requirements from 
the recently described tyrosine kinase activity of. the c-abt 
gene product (15). 
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In concert with ' structural modification of the amino- 
terminal portion of the a W gene, increased level of expression 
has been, implicated in activation of c-aW oncogenic poten- 
tial. Myeloid and erythroid cell lines and clinical samples 
derived from acute-phase CML patients contain about 10- 
fold higher levels of the 8-kb bcr-abl mRNA and P210 C -* N than 
the c-flW mRNA forms (6 and 7 kb) and P145 c ,bl gene product 
(5, 8, 9, li), The higher level of expression of the chimeric 
bcrrabl message in acute-phase cells is not likely to be solely 
due to the presence of the bcr promoter sequences at the 5' 
end of the gene, sin?e the normal 4.5rkb and- 6.7-kb bcr- 
encoded mRNA. species are expressed at an even lower level 
than the. iwrrhal c-oW messages (5, 6).. 
. Wehav'e analyzed a-se'Hes.of jSpstefa-Barr virus-immor- 
talized B-lymphpid cell lines derived from CML patients (16). 
With such in vitro clonal cell lines , we can evaluate whether 
the presence of fh 1 always results in synthesis of the chimeric 
bcr-abl message and protefa, and -whether the quantitative 
expression varies for cells of B-lymphpid lineage as. com- 
pared to previously examined myeloid cell lines. Our results 
show that cell ltaes that retain Ph 1 do express bcr-abl message 
and protein, but that the level is generally lower and more 
variable than previously seen for myeloid' cell lines. The 
demonstration that the Ph 1 chromosomal template can vary 
in its level of expression of P210 t *• l ^ , suggests that secondary 
mechanisms, beyond thp translocation itself, contribute to 
the regulation of the fccr-qW gene fa different cell types or 
subclones that derive from the affected stem cell. 

MATERIALS AND METHODS 

Cells and Cell Labeling*. Epstein-Barr virus-transformed 
B-lymphoid cell lines were established from peripheral Wood 
samples of chronic- and acute-phase CML patients as report- 
ed (16). The cell lines are designated according to patient 
number, karyotype, and lineage. For example, SK- 
CML7Bt(9,22)-33 refers to CML patient 7, B-Jymphoid cell 
line, 9;22 translocation (Ph 1 ), cell line 33; and SK-CML7BN- 
2 refers to B-cell line 2 with a normal karyotype derived from 
the same patient. Repeat karyotype analysis was performed 
to verify the retention of Ph 1 just prior to analysis for abl 
protein and RNA. Cells were maintained fa RPM1.1640 
medium with : 20% fetal bovine serum. We have not observed 
any consistent pattern of in vitro growth rate that correlates 
to the stage of disease at the time of transformation with 
Epstein-Barr virus. Cells (1.5 x 10 7 ) were washed twice with 
Dulbecco's modified Eagle's medium lacking phosphate and 

Abbreviations: bcr, breakpoint-cluster region; CML, chronic 
myelogenous leukemia; kb, kilobase(s). 

♦Present address: Department of Genetics, University of Washing- 
ton, Seattle. WA 98195. 

•To whom correspondence should be addressed. 
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supplemented with 5% dialyzed fetal bqvine serum. Cells 
were then resuspended in 2 ml of the minimal medium. 
Labeling was started with the addition of l"P)orthophos- 
phate (lmCi/ml; JCN; 1 Ci » 37 GBq) and continued at 37 C 

f ° Immunopredpttation and Immunoblqttlng. Immunoprecip- 
ita^ns were carried out as described (10). Cells <1.5 x J0\) 
were washed with phosphate-buffered i saline and ntncted 
with 3-5 ml of phosphate lysis buffer 0* .Triton X.W.I 
NaDodSO 4 /0.5% deoxycholate/10 mM NaiHPCv pH 7.5/ 
100 mMNaCl) with 5 mM EDTA and 5 mM phenylmethyl- 
sulfpnyl fluoride. Extracts were clarified by centnfugation 
and precipitated with normal or rabbit anti-abl sera (anti- 
pEX-2 or anti-pEX-5) (17). The precipitated proteins were 
electrophoresed in a NaDodS0 4 /8% polyacrylamide gel. 
"P-labeled proteins were detected by autoradiography. 
Alternatively, abl proteins were detected by immunoblotting. 
Extracts from unlabeled ceils were clarified, and proteins 
were concentrated by immunoprecipitation with rabbit anti- 
sera against oM-encoded proteins [anti-pEX-2 and anti-pEX- 
5 combined (17)] and then fractionated in 8% acrylamide gels. 
The proteins were transferred from the gel to nitrocellulose 
filters, using protease-fadJitated transfer (18). The abl- 
encoded proteins were detected using murine monoclonal 
antibodies as a probe and peroxidase-conjugated goat anti- 
mouse second stage antibody (Bic-Rad) for development. 
Rabbit antisera and mouse monoclonal antibodies to abl 
proteins were prepared using bacterially expressed regions of 
the v-abl protein as immunogens (17, 19). Anti-pEX-2 anti- 
bodies react with the internal tyrosine ktaase domain and 
anti-pEX-5 antibodies react with the carboxyl-terminal seg- 
ment of the abl proteins. 

RNA Analysis. RNA was extracted from 10* cells by the 
NaDodSOjurea/phenol method (20). Polyadenylylated 
RNA was purified by oligo(dT) affinity chromatography. 
Samples were electrophoresed in a 1% agarose/formalde- 
hyde gel and transferred to nitrocellulose, abl RNA species 
were detected by hybridization with a nick-translated v-abl 
fragment probe (21). 7 

DNA Analysis. DNA was prepared from 5 x 10' cells of 
each cell line and processed for Southern blots with a v-aW 
probe as described (21). 

RESULTS 

Variable Levels of P210 C "* M Are Detected In Ph^Posltlve Cell 
Lines. Ph'-positive and Ph'-negative, Epstein-Barr virus- 
transformed B-lymphocyte cell lines derived from the same 
patient were examined for P210'^ bl synthesis by immuno- 
precipitation of [ 3J P]orthophosphate-labeled cell extracts 
with anti-abl sera (Fig. 1). The normal c-abl protein P145* " 
was detected at a similar level in multiple Ph'-positive and 
Ph'-negative cell lines. P210 c •* b, was only detected in the 
Ph'-positive cell lines because the bcr-abl chimeric gene 
which encodes P210^' resides on the Ph l (4, 5, 11. 13). The 
level of P210 c,w was about 4- to 5-fold higher than the level 
of P145 C * N in the SK-CML7Bt-33 cell line (Fig. M, +). The 
Ph'-positive erythroid-progenitor cell line K562 (C) showed 
a level of P2l6 c - bl about 10-fold higher than P145 c - W . 
However, the level of P210 CH ' M was about one-fifth that of 
pl45 c.bi in th6 ph'-positive SK-CML16BM ceU line (Fig. IB, 
+). Comparison of different autoradiographic exposures 
roughly indicated that the level of P210 Mb ' varies over a 
20-fold range between these Ph'-positive B-cell lines. Anal- 
ysis of four additional Ph l -positive B-cell lines demonstrated 
that the level of P210 MM fell into two general classes; some 
cell lines had a leVel of KltH* similar to SK-CML7BI-33 
and others had the low level similar to SK-CML16BJ-1 (Table 
1). This differs from previous studies with Ph'-positive 
myeloid cell lines and patient samples derived from acute- 
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Fio. 1. Detection of variable levels of P21(r > * w Id Ph'-positive 
B-celi lines. Production of P14S« U and P210 C * N in Epstein-Barr 
virus-transformed B-cell lines derived from a blast-crisis {A) and a 
chronic-phase (B) CML patient was examined by metabolic labeling 
with l"F]orthophosphate and immunoprecipttation. Pb'-negative 
(-) and Ph'-positive (+) cell lines derived from each patient were 
analyzed. The Ph'-negative ceU line in A, - is SK-CML7BN-2 and ui 
B - is SK-CML16BN-1. The Ph'-positive cell line in A.+ it 
SK-CML7BI-33 and in is SK-CMLKBtl. The K562 cell line, a 
Ph'-positive erythroid progenitor cell line spontaneously deriy'^ 
from a blast-crisis patient (33), Is represented in C. Cells (1.5 x W) 
were metaboUcaUy labeled with 2 mCi of p'PJorthpphosphate for 3-4 
hr and then were extracted and clarified by centnfugation. Samples 
were Inununoprecipitated with control normal serum Oanes 1), 
anti-pEX-2 Oanes 2). or anu-pEX-5 Oanes 3) and analyzed by 
NaDods6 4 /8% PAGE followed by autoradiography with an inten- 
sifying screen (3 days for A and C, 10 days for B). 

phase CML patients, in which P210 c - W was detected at a 
10-fold higher level than P145 c " w (refs. 10 and 11; Table 1). 
There was no large difference in level of chimeric raRNA and 
P210 c '* b ' expressed in four myeloid/erythroid-lineage Ph - 
positive cell lines (K562, EM2, EM3, CML22, and BV173; 
refs. 9 and 11). despite a 4- to 5-fold amplification of 
o6/-related sequences in the K562 cell line. 

Detection of different levels of P210 whl in fig. 1 could be 
due to decreased phosphorylation o^P21(r > < ,b, , a lower level 
of P210*"* w synthesis, or altered stability of the protein. To 
help distinguish among these possibilities, thp steady-state 
level of P210 MW in the cell lines was assayed by immuno- 
blotting. The results show that SK-CML7BtT33 (Fig. 2A, +) 
had a higher level of P210"* 1 than P145, similar to the results 
with metabolic labeling (Fig. 1). We did not detect P210 c * w 
by immunoblotting with 2 x 10 7 cells of line SK-CML8Bt-3 
(Fig. 2B, +). Reconstruction experiments using dilutions of 
cell extracts showed that we could detect about 5-1096 the 
level of P210°* bl expressed in the K562 cell line (data not 
shown). We infer that the steady-state level of P210 MM in 
SK-CML8Bt-3 is lower than the level in SK-CML7Bt-33 by 
a factor of at least 10. The level of P210 Mkl detected in these 
assays correlated with the amount of P210 W ' M tyrosine kinase 
activity that could be detected in vitro (data not shown). 

Different Levels of Y2W M Are Reflected In the Amount of 
Stable bcr-abl m RNA. To identify the basis for detection of 
variable levels of P210 c -* w , we examined the production of 
the abl RNA. RNA blot hybridization analysis using a v-abl 
■-. probe (Fig. 3) showed that the normal 6- and 7-kb c-abl 
mRNAs were present at a similar level in Ph'-positive and 
-negative cell lines derived from different patients. However, 
the 8-kb mRNA that encodes P210 c -» bl was detected at a 
10-fold higher level in SrC-CML7Bt-33 (Fig. 3A, +) than in 
SK-CML16BM (B, +), which correlated with the relative 
level of P210" J,i detected in each cell line. Analysis of 
additional cell lines demonstrated that the level of 8-kb RNA 
directly correlated with the level of P210 c - lhl (Table 1). The 
variation in level of 8-kb RNA detected in these cell lines was 
not due to loss or gain of Ph 1 , because cytogenetic analysis 
confirmed the presence of Ph 1 in these cell lines (ref. 16 and 
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Table 1. Relative levels of bcr-abl expression to EpstetorBarr. 
virus-immortalized B-ceU lines and myeloid CML lines 
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•CeU lines derived from CML patients by transformation with 
Epstein-Barr virus as described (16). Names of cell lines indicate 
patient number and Ph 1 status: SK-CML7Bt indicates a cell line 
derived from patient 7 that carries the 932 Ph' translowUon; N 
indicates a normal karyotype. Myeloid-erythroid cell fanes (K562, 

• EM2, anil BV173) are described in previous publications (S>, 11, W, 

tStatus of patient at the time cell line was derived. BC, blast crisis; 
Acc, accelerated phase. ■ . . , 

*Presence (+) or absence (-) of Ph 1 as demonstrated by karyotypic 
or Southern Wot analysis. „ 

•P210* - '' detected as described in legend to Fig. 1. B-ceU Unes 
derived from blast-crisis and accelerated-phase patient! i had levels 
of P210 3- to 5-fold higher (+++) than levels of P145, Chronic- 
phasenierivedceUHneshadRlOlevelstewerthanorjustequivaknt 
(+) to the level of PM5. Myeloid and erythroid Unes had levels of 
P210 5- to 10-fold higher than P145 (++ +++). ... 

*Ei8hMci!obase bcr-abl mRNA delected as described in legend to 
FisT 2. Symbols: *, borderiine detectable; .+.++++. levd ?f 8-kb 
mRNA 5- to 10-fold higher than that of the 6- and 7-kb c-aWmRNA 
species; + + + , level of 8-kb mRNA 3- to 5-fold higher than that of 
the 6- and 7-kb species; + . a level approximately equivalent to that 
of the 6- and 7-kb messages. 

data not shown). There was no difference in the copy number 
of aM-related sequences as judged by Southern blot analysis 
(Fig. 4). Only the K562 cell line control showed an amplifi- 
cation of abl sequences, as previously reported (22, 23). 
These combined data suggest that differential fccr-aW mRNA 
expression from a single gene template is responsible for the 
variable levels of P210 0 "* 1 detected. This could be mediated 
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FlO. 2. Analysis of steady-state abl protein levels by immuno- 
blotting. Cell extracts prepared from 2 x 10 T ceU s °f » 
CML7BN-2 (A,-), SK-CML7BI-33 (A.+), SK-CMUBN-10 (B.-), 
and SK-CML8Bt-3 (B.+) were, concentrated by immunoprecip- 
itaUon with anti-pEX-2 plus anti-pEX-5. Samples were then electro- 
phoresed in a NaDodSrV8% polyacrylamide gel and transferred to 
nitroceUulose, using protease-facilitated transfer (18). abl proteins 
were detected using a mixture of two monoclonal antibodies directed 
against the pEX-2 and pEX-5 ofcZ-protein fragments produced in 
bacteria (19) as a probe and a peroxldase-conjugated goat ann-mouse 
second-stage antibody (Bio-Rad) for development. 




Fio. 3. Comparison of abl RNA levels In Fh'-positive and 
-negative B-ceU lines. The levels of the normal 6- and 7-kb v-abl 
RNAs and the 8-kb bcr-abl RNA were analyzed by blot hybridization 
using a v-abl probe. RNA was extracted from Ph'-negative lines 
SK-CML7BN-2 (A,-) and SK-CML16BN-1 (B,-). from Ph»-pos- 
nive lines SK-CML6BI-33 (A,+) and SK-CML16BI-3 (B.+). and 
from line K562 (C,+) by the NaDodSCVurea/pheool method (20). 
Polyadenylylated RNA was purified by oligo(dT) affinity chroma- 
tography, and 15 ME of each sample was electrophoresed in a \% 
agarose/formaldehyde gel and then transferred to nitrocellulose. The 
blotted RNAs were hybridized with a nicfctranslated v-oW fragment 
probe (21) and then autorodiographed for 4 days. . 

by factors influencing the transcription rate of the bcr-abl 
gene or the stability, of the mRNA. 

DISCUSSION 

Several lines of evidence suggest that formation of Ph' is not 
• the primary event that affects the stem cell in CML. Patients 
have been identified that present with the clinical picture of 
CML but only later develop Ph 1 (1). This observation, 
coupled with studies of G6PD (glucose-6-phosphate dehy- 
drogenase)-heterozygous females with CML that demon- 
strate stem-cell clonality by isozyme analysis among cell 

4 5 6 7 8 9 10 11 

■24.0 




Flo. 4. Southern blot analysis of abl sequences In Ph'-posiuve 
and -negative B-ceU lines. High molecular weight DNA (15 MS) was 
digested with restriction endonucieasfc BamHl, separated in a 0.896 
agarose gel, and then transferred to nitrocellulose. The blotted DNA 
fragments were hybridized with a nick-translated, 2.4-kbBf / II v-oW 
fragment (1.5 x 10* cpm/«r, ref. 21) and exposed for 4 days. (A) 
Autoradiogram of oM-specific fragments in cell lines Hl^bO (lane 1), 
EM2 (lane 2), K562 Oane 3>, SK-CML7Bt-33 Oane 4), SK-CML8Bt-3 
(lane 5). SK-CMU6BM Oane .6), SK-CML21BI-6 Oane 7). SK- 
CML35Bt-2 (lane 8). SK-CML7BN-2 Oane 9), SK-CML8BN-2 Oane 
10), and SK-CML35BN-1 (lane 11). (fl) Ethidium bromide staining of 
agarose gel prior to transfer to nitroceUulose, showing the level of 
variation in amount of DNA loaded per lane. 
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populations that lack the Ph 1 marker, supports a secondary, 
or complementary role for Ph» in the progression of the 
disease (24, 25). This chromosome marker is found in 
chronic, accelerated, and blast-crisis phases of the disease. It 
is likely that Ph 1 confers some growth advantage, since ceUs 
with the marker chromosome eventually predominate the 
marrow and peripheral blood even in chronic phase. During 
the phase of blast crisis, many patients develop additional 
chromosome abnormalities, including duplication oT Ph\ a 
variety of trisomies, and complex translocations (26). This 
is suggestive evidence for Ph 1 being a necessary but not 
sufficient genetic change for the full evolution of the 

"^The'realization that one molecular result of Ph 1 is the 
generation of a chimeric bcr-abl protein with functional 
characteristics and structure analogous to the gag-abl trans- 
forming protein of the Abelson murine leukemia virus 
strengthens the argument for an important role of Ph in the 
pathogenesis of CML. Although the Abelson virus is gener- 
ally considered a rapidly transforming retrovirus, its effects 
can range from overcoming growth factor requirements, to 
cellular lethality, to induction of highly oncogenic tumors in 
a number of hematopoietic cell lineages (27, 28). Even in the 
transformation of murine cell targets, there are several lines 
of evidence that suggest that the growth-promoting activity of 
the v-aW gene product is complemented by further cellular 
changes in the production of the malignant-cell phenotype 

(29-31). ... 

The regulation of bcr-abl gene expression is complex 
because the 5' end of the gene is derived from the noa-M 
sequences, bcr, normally found on chromosome 22 (6). The 
level of stable message for the normal bcr gene and the 
normal abl gene are both much lower than the level of the 
bcr-abl message and protein from cell lines and clinical 
specimens derived from myeloid blast-crisis patients (5, 6, 
11). Therefore, the high level of bcr-abl expression cannot 
simply be attributed to the regulatory sequences associated 
with bcr. Possibly, creation of the chimeric gene disrupts the 
normal regulatory sequences and results in a higher level of 
expression. Variation in bcr-abl expression may result from 
secondary changes in the structure of the chimeric gene or 
function of Mwu-acting factors that occur during evolution of 
the disease. Our analysis of YIW M and the 8-kb mRNA in 
Epstein-Barr virus-transformed Ph'-positive B-cell lines 
demonstrates that stable message and protein levels from the 
bcr-abl gene can vary over a wide range. This variation does 
not result from a change in the number of bcr-abl templates 
secondary to gene amplification but more likely from changes 
in either transcription rate or mRNA stability. We suspect 
this range of bcr-abl expression is not limited to lymphoid 
cells. Analysis of peripheral blood leukocytes derived from 
an unusual CML patient who has been in chronic phase with 
myeloid predominance for 16 years showed a level of 
P210 mW one-fifth that of PMS"**,- as detected by metabolic 
labeling with [ 3? P]oithophosphate and immunoprecipitation 
(S.C., O.N.W., and P. Greenberg. unpublished observa- 
tions). Lower levels of expression of the chimeric mRNA 
have been demonstrated in clinical samples from chronic- 
phase CML patients compared to acute-phase CML patients 
(9). Others have reported chronic-phase patients with vari- 
able but, in some cases; relatively high levels of. the bcr-abl 
mRNA (32). The sampling variation and the heterogenous 
mixture of cell types in clinical samples complicate such 
analyses. Further work is needed to evaluate whether there 
is a defined change in P210 c-,w expression during the pro- 
gression of CML. It is interesting to note that among the 
limited sample of Ph'-positive B-cell lines we have examined 
(Table 1), we have seen higher levels of P210 c -* bl in those 
derived from patie v. • at more advanced stages of the disease. 
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It will be important to search for cell-type-specific mecha- 
nisms that might regulate expression of bcr-abl from Ph 1 . 
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1 Introduction 

A'pioteome has been defined as the protein complement; 
expressed by the genome of an organism, oi; in multicel- 
lular organisms, as the ptotein complement-expressed by a 
tissue ot dilTeientiiled cell HI- In the most common im- 
plementation of proleome analysis the proteins extracted 
from the cell or tissue analyzed are separated by high 
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In Ihis review Wo diamine the current slate of pjpteome analysts. There ate 
Le main issues discussed: why it is necessary lo study proteomes; how pro- 
teomes can be analyied with current technology; and how^roUorae analysis 
can be used to enhance biological research. We conclude that proteome tml. 
vsU is an essential tool in the understanding of regulated biological systems. 
Current technology, white sUil mostly limited to the more abundant protctos, • 
enables' Ihe use of proteome analysis both to establish databases of proteins 
eresent and to perform biological assays involving measurement of aulUple 
variables We believe that toe utility of proteome aaalydiin tutor© biological 
research willconlinue lo be enhanced by further improvements to analytical, 
technology. 

resolution two-dimensional gel- electrophoresis (2-DE), 
detected in the gel and identified by their amino add -. 
sequence. The ease, sensitivity and speed with which gel- 
separated proteins can be identified by the use of recently 
developed mass spcclromelric techniques nave dramati- 
cally increased ibe interest in proteome technology. One 
of Ihe most attractive features of suen analyses is that com- • 
: plex biological systems can potentially be studied in their 
entirely, rather thin as a multitude of individual compo- 
nents. This makes it far easier to uncover the many com-' 
ple'x, aod often obscure, relationships between mature 
gepe products In cells: Uige.-jeale proieome chiweteriza- 
tioh projects have been undertaken for a number of dif- 
ferent organisms and. cell types. Microbial proteome pro- 
. jecls currently jo progress indudo, for example: SitAaro- 
- riycer cuevliiae. (Jj, SatmaneUa tatuica PI, Sjplnplatma ■ 
mtlltftnim l«J, Mfcobacltrtum uibe/culojU [5), Odmbao- 
Inm onihnpl'lSl Hatmophltut fnflucaaae ni.Synofto- 
tyjlli ipp. [Z], Btdiuithta <off [9), HAboUiun ttgumlntr 
sanim [101, and Dlctyoitefiuni ih&Ucim (111. Proteome 
projects underway for tissues of more complex, organ- 
isms include those for: human bladder squamous cell 
carcinamis (12), human liver [13], human plasma (13); 
human keralinocytes [IJJ, human fibroblasts (UJ, mouse 
kidney 111), and rat serum [UJ. In this manuscript ve cri- 
tteally assess the concept of proteome analysts and the 
technical feasibility of establishing complete proteomp 
. maps, and discuss ways .In which proteome analysts and 
biological, research. Intersect./ 



Z Rationale for proteome analysis 
The dramatic growth in both Ibe number of genome 
projects apd the speed with which genome sequences 
are being dcletmined has generated huge amounts of 
sequence information, for some species even complete 
genomic sequences ([15-17]). The description of the 
stale of a- biological system by the quantitative measure- 
ment of system com.ponenls has long been a primary 
objective in molecuiar biology. With receol- technical 
advances induding the development of differential dis- 
play-PCR |181.cDNA microarray and DNA chip techno- 
logy [19. 20) and serial analysis of gene expression 
(SAGE) (21. 221,11 is now feasible to establish global and 
quantitative mRNA expression maps of cells and tissues, 
in which Ihe sequence of ail the genes is' known, at a 
speed and sensitivity which is not matched by current 
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protein analysis technology. Given . Ihe long-standing 
paradigm in biology that" DNA synlhesites RNA which 
synthesizes protein, and Ihe ability, to rapidly establish 
global, quantitative mRNA expression maps, the ques- 
tions which arise ate why technically complex proteome 
projects should be undertaken and what specific lypM of 
in/oniiatioh could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
profiling projects. We see three main reasons for pro- 
teome analysis to become an essential component In the . 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (ii) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and (iii) proteomes 
are dynamic and reflect the slate or a biological system. 

1,1 Correlation belseen mRNA and protein .expression 
levels 

Interpretations of quanu'lalive mRNA expression profiles 
frequently Implicitly or explicitly assumo that for specific 
genes Iho transcript levels are Indicative of the levels of 
protein expression. As part of. an ongoing Study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Saceharomyca cerevlilae 
growing - " mid-log phase (S. P. Gygivf a/., submitted for 
publication); mRNA expression levels were calculated 
from published SAGE frequency tables 122). Protein 
expression levels were quantified by metabolic radiola- 
beliug of the yeast proteins, liquid scintillation counting 
of tbo protein spots separated by high resolution 2>DE 
and mass spectrometric identification of the protein(s) 
migrating to each spot. The selected 86 samples eonsli-. 

' tute a relatively homogeneous group with respect to pre- 

. dieted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general tread but no 
strong correlation- between protein and transcript levels 
(Pig. 1). For some genes studied equivalent mRNA trans- 
cript levels translated 'into protein abundances which 

' varied by more than 50-fold. Similarly, equivalent steady- 
state' protein expression levels were maintained by txans- 

. crlpl levels varying by. as much as 40-fold (S. P. Oygi 
a pi., submitted). These results suggest? P»>* e yen for. a 
population of genes predicted to be relatively homoge- 
neous with' respect to protein half-life and geoe exprcs- 

' sioo, ihe .protein levels cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

2.1 Proteins are dynatblcallr modified and processed 

Iii the mature, biologically active form many proteins arc 
posl-trinslationally modified by glycosylation, phosphor- 
.ylatioo, prenylalion, ecylation, ubiquitinalion or one or 
more of many other .modification! [13] and many pro- 
teins are only functional if specifically associated 'or eom- 
plexed with o.ther molecules, including DNA, RNA, pro-' 
teiris and organic and inorganic cofsctors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and Ihe state-of 
activity of a protein. Collectively, the stale of modifica- 
tion of the ptoteins which constitute a biological system 
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are important indicators for the stale of the system. The 
type of protein modification and the sites modified at a 
.specific cellular Male, can usually not be determined 
from the gene sequence alone. 

13 Proteomcj are dynamic and idled the stale of a 
biological system ' 

A single genome can give rise to many qualitatively and. 
quantitatively different proteomes. Specific stages' of Iho 
cell cycle and stales of differentiation, responses to 
growth' and nutrient conditions, temperature and stress, 
a.od ' pathological conditions represent cellular state? 
which ere characterized by significantly 'different pro- 
Ironies. The proteome, in principle, also reflects events 
thai are under traoslalional and pojl-translational con- 
trol. It is therefore expected that proteomics will be able 
to provide the most precise and detailed molecular des- 
cription of the stale df a cell or tissue, provided that the 
external conditions defining the slate are carefully deter- 
mined. In answer to Ihe question of whether the study 
of proteomes is necessary for. the analysis of biomolec- 
ular systems, il is evident that the analysis of mature pro- 
tein products in cells is essential .as there are numerous 
levels of. control of protein synthesis; degradation, 
processing and modification, which are only apparent by 
direct protein analysis. . . 



3 Description and assessment of current proteome - 
analysis, techno logy - 

3.1 lecbolcal requirements of proteome technology 

In biological systems the level of expression as well as 
the states of modification, processing and macro-molec- 
ular association of .proteins are controlled and modu- 
lated depending on the state- of Ihe system. Comprehen- 
sive analysis of the identity, quantity and stale of modifi- 
cation of proteins therefore requires the detection and 



t. A. Hljou '«( «l 

quantitation of (he proteins which cnhslitute Ihe system, 
and analysis of differentially processed forms. Theie arc 
a number of inherent difficulties in protein analysis 
which complicate these tails. First, proteins caonol be 
amplified. Il -is possible to produce large amounts or a 
pirticular protein by ovcr-eipression in specific cell sys- 
tems. However, since many, proteins are dynamically 
nositransblionally modified, they eannol .be easily am- 
plified io the form in which they finally function in; the 
biological system. It is frequently difficult, to punfy from 
the native source sufficient amounts. of a protein tor 

• analysis. Fiorp a technological point of view this trans- 
lates inio the need for Wall sensitivity analytical tech- 
niques. Second, many proteins art modified and pro-' 
cased posMranslau'onilly. Therefore, in addition to the ' 
protein, identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution, of a constant amount of prolefn over several 
differentially modified isoforms furthei reduces the 
amount of each species, available for analysis. The com- 
plexity end dynamics of post-trsnslallona) proleip edit- 
ing thus significantly complicates pfoteome studies, 
Thud, proteins vary dramatically with respect to their 
solubility in commonly used solvepls. There are few; if 
anyi solvent conditions in which all proteins are soluble 
.and which arc abb compatible with protein analysis. This- 
males the "development of protein purification methods 
particularly difficult since bothpioteln purification sod 
solubility have to- be achieved under lho.s$me.cond*> 
lions. Detergents, In particular sodium dodecyl sulfate 
(SDS), ate frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of S,QS..pOiyaeryJamide gel. electro:: 
pb'ocesis (SDS iAfjB) over other proiein separation 

""techniques. Thus, SDS-PAGB and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the. most general .and preferred methods for 
the purification of small amounts of proteins, provided 
that activity docs not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell , system is 
typically in the thousands. Any attempt to identify and 
categorlre all of these must use methods which are as 
rapid as possible to allow' completion ' of the project 

. within a reasonable lime- frame. Therefore, < successful, 
general proleomics technology requires high sensitivity, 
high throughput, the ability io differentiate differentially 
modified proteins,- and the ability io quantitatively dis- 
play and analyze all the proteins present in « sample. 

3.2 2-D electrophoresis — mass spectrometry: » eeranton 
haplcxncotatfoo of -prolcom'c aaafysls 

The most common currently used implementation of 

• 'proteome analysis technology is based oo the separation 
of proteins by iwo-dimeniional (IEF/SDS-PAGE) gel 
electipphorcsis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS/MS). In 2-DE, proteins arc first separ-. 

■ alcd by isoelectric focusing (1EF) and then by SDS- 
PAOE. io 'Ibe- second, perpendicular dimension. Separ- 

- eted proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins.' 2-DE gels are, al present, the most commonly', 
used means of global display of proteins in complex 
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sample*.- The .separation of thousands of proteins has 
been achieved in 8 single gel 124, IS) and differentially 
. modified proteins ire frequently separated. Due to the 
compatibility of 2^DE with high concentrations .of deter- 
gents, p/otein denaturanls and other additives promoting 
protein solubility, the technique , is widely used. 

The second slep dftliis type of proteoine analysis is the 
identification and apalysis of separated proteins. Individ- 
ual proteins from polvacrylamide gels have ttaditiooally 
been identified using terminal sequencing R6, 27), 
Internal peptide sequencing (2&, 29|> imrauaoblottiug or 
..comigralioo with known proteins DO). The recent dra- 
matic growth of large-scale . genomic and expressed' 
sequence tag (EST) sequence databases has resulted hya 
fiindamentil change in the way proteins are identified ly 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by . correlating mass spectzal or 
tandem mass spectial d.ala of peptides derived from pro- 
teins, with the. information contained in sequence data- 
bases Pi->31. 

There are a number of alternative approaches to pro- 
teome analysis currently under development. There is 
considerable interest In developing a pioteome analysis 
slragegy which bypasses 2-OE altogether, because It Is., 
considered a relatively slow and tedious process, and 
because of perceived' difficulties in extracting proteins • 
from the gel matrix for analysis. However, 2-DE as a 
starting point for proteotne analysis bos many. advan- 
tages compared to other techniques available today. The 
most significant -strengths- of the- 2- DE-MS approach 
iodyde the. relatively uniform behavior of proteins' In 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable .time frame.' 

A schematic diagram of a typical procedure of the Identi- 
fication of get-separated proteins -is shown in Fig. 2. Pro- 
tein f P otJ detected in the gel are enzyroatically or chemi- 
cally fragmented and the peptide fragments ate isolated 

' for analysis, as already Indicated; most frequently by MS 
or N1S/MS. There are numerous protocols for Ihe gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice (28, 34) or digestion after elecuot/ansfei out 
of the gel onto a suitable membrane ((29, 35 — 37J and 
reviewed in (38)). In most instances "either technique is 
applicable and yields "good -results. The analysis or MS or 

'MS/MS iiala- is an important step in the whole process 
because MS instruments cap. generate an- enormous 
amount of information which cannot easily be managed- 
manually. Recently, a number -of groups have developed 
software system's dedicated to the "use of peptide MS 
and MS/MS spectra for the .identification of proteins. 
Proteins arc identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra or individual peptides with data con- 
tained in' DNA or protein sequence databases. 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by njrrow bore pr capillary liquid chroraaiog- 
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raphy [39. 40| or capillary electrophoresis [41), the anal- 
ysis of the separated peptides by electrosp'ray ioniza? 
lioo (ESI) MS/MS. and the correlation of tbc generated 
peptide, tpectia with sequence databases using the 
SEQUESTprogtarn developed al the University ofWash- 
ingloo j32, 33). TCe system automatically -petfotraj the 
following operations:^ particular peptide ion character- 
ized by its mass-lo-cbarge ratio is selected in the MS out 
of all the peptide , ions .present in. the system at- a parti- 

. culsru'ipe; Ibe selected peptide ion is collided in acolli- 
sioa cell with argon (collision-induced dissociation. 
CID). Bad the- masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; ibis 

- experimentally determined CIO- spectrum is then corre- 
lated with the CIO spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide- selected foe CID;- this cdrtela-. 
Uoo matches the isolated peptide with a sequence seg- 
ment la a database and thus identities the protein from ' 
which tho peptide was derived.' There are a number of 
alternative programs which use peptide- CID spectra for 
protein Identification, but we use the SEQUBST system 

• because il is currently, the rhost highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 



required. As an approximate guideline, fof samples con-- 
lainiag tens of pieorooles of peptides,. LC-MS/MS is.^ 
moil appropriate; for simples containing, low pieothble 
amounts to Ugh femtomole amounts we use capillary 
tC-MS/MS' and for samples containing femtotriolu or 
less. CE-MS/MS is the method- of choice. 

3,3.1 LC-MS/MS 

The coupling of an MS to' an HtljC 'system using a 
0.5 mm diameter or bigger reverse phase fRP) column 
has been described in detail 142). This system bis several 
.advantages If a large number of samples are to be ana- 
lyzed and all are available- jn sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated tnodo using an autosarnpler, thus maxi- 
mizing sample, throughput and minimizing the heed for 
operator ' interference. The- relatively .large 'column is 
tolerant of high levels of impurities from either gel prep- 
aration, or sample matrix. Lastly, if configured with a 
fiow-spliller and micro-sprayer [40L analyses can be per- 
formed on a' small fraction of the sample (less than 546) 
while the remainder. of the sample is recovered in very - 
pure solvents. This latter' feature is particularly ^sciul 
when an orthogonal technique is also used to analyze 
peptide fractions. Such as sdnlDiatipo of on introduced 
radiolabtt, and this data can be correlated with, peptides 
identified by CIO spectra. 

3.32 Capillary LC-MS 

•An increase of sensitivity of approximately tenfold can. be 
achicrcftby using a capjllary LC system with s 100 urn ID 
column rather than s 0.5 mm ID column as referred to 
above. Since vety low Qow rates are required for such, 
columns, most reports have dsed a precolurnn floyv split- 
ting system for producing solvent .gradients.. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables. the formation 
of reproducible gradients al very low flow rates :(Iow 
- oL/rnin) without tho need for flow splitting (A. Ductet ' 
it al., submitted for publication). Using this capillary 
LC- MS/MS system we were able to identity gd-separat- 
ed proteins if low picomolc to high femtomole amounts 
were loaded onto the gel [40). This system is as yet not 
automated and, tike all capillar? LC systems, is prone to 
blockage of the columns by afcroparticulates when ana- 
lyzing gel-separated, proteins. 



3J Piolelo identification, by LC-MS/MS, capillary . 
LC-MS/MS and CE-MS/MS. 

It pas been demonstrated repeatedly trial MS has a very 
high intrinsic sensitivity. Fbr'lhe routine analysis of gel- 
separalcd proteins at high sensitivity, Jhe most signif- 
icant challenge is the handling of small amounts of 
sample. The crux of the problem is the extraction and 
transferal of peptide mixtures generated by the digestion 
of low nanogram amouals of protein, from gels into the 
MS/MS system without significant joss of sample or 
introduction of unwanted contaminants. We; employ 
three different systems for introducing gel-purified sam- 
ples into an MS, depending on the level of sensitivity 



JJJ CE-MS/MS 

The highest., level of sensitivity for analyzing gel : sep- 
sraled proteins can be achieved by using capillar/ elec- 
trophoresis - mass spectrometry (CE-MS). .We have de- 
scribed in the past a -solid-phase extraction capillary elec- 
trophoresis (SPB-CB) system which was used with triple 
quidrupole and ion trap gSI-MS/MS systems for the 
identification of proteins at the low femtomole to sub- 
femtomole sensitivity level (43, 44). While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has not been automated. In order to devise art 
analytical system with both the sensitivity. of a CE arid,- 
the level of automation of LC, we have constructed 
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mtciofabfiealtd devices for the introduction of samples 
into ESI-MS for high-iehsilivily pepude analysis. 

Hie basic device is a piece of glass. Info which channels 
or ItKJO urn in depth and 5MD W in diameter are 
etched by using photouUograpby/etching techniques 
similar to the ooes used In the semiconductor industry. 
(A simple device is show in Pig. 3). The channels are 

connected to W vo ! w *f P? wer 'J* 

Samples are manipulated on the dev.ee . and off be 
device to Ibe MS by applying different iwUaitials to the 
reservoirs. Tbis creates « solvent flow by electroosmollc 
pumping whldi can be redirected by changing the posi- 
tion of the electrode. Therefore, witfjout the need for 
valves or gates and without any external pumping the 
How can be redirected bystcnply switching the position 
of the electrodes on the deWcelThe direction and rate or 
the flow can be modulated by tbe siv and the polarity- 
of the electric field applied and also by the charge state 
of 'the surface. 

The type or datB generated by the system is illustrated in 
Pig 4 which shows Ihe'raass spectrum of a peptide sample 
representing the Iryptic digest of carbonic onbydrase at- 
290 fmol/nL Each numbered peak Indicates a peptide suc- 
cessfully Identified as being derived from carbonic an- 



HHiH J. Sditrailk iltaiu'aliea of i. 
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g I W |n<Hc4(ed ia too lest The chuneli 
0 n the antes were inphiallr ubinewt 
u nuU laem oafs visible, Reproduced 
from wlli peralnlon. 



bydrase. Some of the unasslgneo signals may be chemical j 
or peplide ccntarninanls.Thc MS is programmed 
matleaUy select each peak and subject the peptide to CID. 
The resulting CID spectra are then Used to Identify the 
• protein by correlation with sequence daUbases.Therofore, 
this system -allows us to concurrently apply a number or 
protein digests onto the device, to sequentially mobilize 
Ihe samples, to automatically generate CID spectra of 
selected peptide Ions sntf to search sequence databases 
for protein identification. These stepiare performed auto- 
matically without the need for user input and protcins can 
be Identified at very low remtomole level sensitivity at a 
rate of. approximately one protein per IS rain. . 

3.4 Assessment of l-DE-MS proteemt. technology 

Using a combination of the analytical techniques de- 
scribed above we have ideotifjed>the 80 protein spots • 
indicated in Fig. 5. The protein pattern was generated by 
separating » total of *0 microgram of protein contained 
in a total-cell lysate or the yeast straw. YPH4J9 by high 
resolution J-DBand silver staining of Ibe separated pro; 
teins. To estimate how far this type of proteome analysis 
can .penetrate towards the identification of low abun- 
. dance proteins, we have calculated the codon bias of the 
■ genes encoding the respective proteins. Codon-bias fa a 
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calculated measure or Uie' degree of reduodaacy of Uip- 
lot DNA codons used to produce each amino- acid In a 
particular gene' sequence. It has been sbowo to bo a 
useful indicator of the level of the protein product of a 
particular gene sequence present In- a cell (4$), The gen* 
eral rule which applies is thai the higher the value of the 

. codon bias calculated for a gene, the more abundant lbs 
proteio product of that gene becomes. The calculated 
codoo bias values corresponding to the proteins identi- 
fied in Pig. 5 are shown in Fig. ob. Nearly all of the pro- 
teins identified f> 9S%) batt codon bias values of> 0J, 
indicating they are highly abundant In cells. In contrast, 
codon bias values calculated for the entire yeast genome 

. (Pig. 6a) show that the majority of proteins present in 
the pioleome have a codon bias of < 0.2 and are thus of 
low abundance. 

This biding is of considerable importance in our assess- 
ment of the current status of proteomp analysis technol- 
ogy. It is clear that even usiog htjhly. sensitive analytical 
techniques* we ere only able to visualize and identify the 



mow abundant protein*. State rainy important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in tie anal- 
ysis of proteomes containing many more proteins titan 
the. approximately <00u gene products - present in yeast 
cells 11SJ. In tho analysts of, for example, the profcomc ' 
of any hurnanr cells; (here are potentially 50000-100000 
' gene products [47). Inherent'limltallona on the amount 
of protein that can be. loaded on l-DB, and ibe number 
of components (bat can be resolved, indicate that only 
the most highly" abiiodant fraction of the many gene 
products could be successfully analysed. One approach 
(bat has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the oral-dimension separation of l-DB [48]. 
Since only those proteins which focus within the narrow 
range will eater the second dimension, of separation, a 
much .higher' sample loading within the desired range is 
possible. This, In turn, can lead to the visuaUtalidn and' 
identification, 'of less abundant proteins. 
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4 Utility of proteome analysis fot biological 
research 

■"br ibe success of "prolebmiiiai i.maiasUe'arii approach 
lo ibo analysis or biological systems U 1* eseou'»l to 
define' bow proteome analysis and biological research 
projects intersect. Without a clear plan for the implcmen- 
lalion of proleomo-type approaches into" biological re- 
search projects tht foil Impact of the technology, can oot 
be realixedl Tbe literature Indicates that pioteome anal: 
ysia Is used botb as a database/data archive, arjd as a bio- 
' logical assay or biological research tool. 

4,1 Tbe proteose at a database 

Hie use of piotcoroics a) a database or data archive 
essentially entails an attempt to Identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological Information that is .relevant fot each 
protein. The level of annotation cao,*f course, be exten- 
sile. "The most common implementation of this Idea is 

. the separation 0 f pr6lelos:by high resolution 2-DE, the 
identification of each delected protein spot and the 
annotation of the ptoleih spots in a I-DE gel database 
format. This approach is complicated by the fact that it is 
difficult to precisely define a proteomo and to decide 
which ptoteome should be represented in the database. 
In contrast lo the genome of > species, which is essen- 

• tially static, the protcome is highly dipuoic. Processes 
such as differentiation, cell activation and'disease can all 
significantly change the proteome of a species. This is 
illustrated in Pig. 7. The figure shows two higb-resolu- 



itiwi/iniii t is»a. rp. jaci-int . 

lion 2-DE maps of proteins isolated! ftoiri rat Serum. 
Fie 7A is Rom the serum or normal mis. while Fig. 7B 
is from the serum of rats in acute-phase serum afl«. 
prior treatment .with an i,uWatioi>ausing_ «enl [4ft 
11 is* obvious that' lb* protein patterns are- ttgtuTieanUy 
different in several area*, raising.lheqtitstion of exactly 
.which proteome is being described. ■ 

Therefore, a comprehensive proteome database of a spe?' 
■ cits or cell type needs to contain all of lite parameters 
which describe the state and the type of the eells from 
which the proteins were extracted as well as" (be software 
tools to search the database with queries which reflect 
the dynamics of biological systems.- A wmprehensive 
proteome database should be capable of quantitative!* . 
describing the Tate of each protein if specific lystctrf 
and pathways arc activated in the cell. Specifically, Hit 
quantity, the degree of modification, the subcellular loca- 
tion and the nature- of molecules specifically .Interacting 
with a protein as well as the rate "of change of these, 
variables should be., described. Using these admittedly 
stringent criteria, there is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being construeted. TBe most;, advanced 
among them, in our opinion, are tbe yeast protein data- 
base YPD (501 (accessible at pUp://www.rpd.cora) and 
the human ZD-PAGE, databases of the Danish Centre • 
roi Human Genome Research {UJ (accessible at http,7/ 
biobase.dtfegtbWcelis). While neither can be con- 
sidered complete as not alt of 'tho potential gene pro- 
duets are identified, both, contain .extensive annotation 
or supplemental information for many or the spots 
which are positively identified in reference samples. s 

"IX The proUorne as a -plologlcal uuj 

The use of proteome analysis as a biological assay or - 
research mot represents an alternative approach lo inb> 
grating biology with proteomics. To investigate the state 
ora system, samples arc subjected to a specific psoceess 
that allows the quantitative or qualilitive measurernent . 
of some or tbe variables which describe the system.' In 
; typical biochemical assays one variable (eg., enzyme 
activity) of a single component (eg., a particular en- 
zyme) Is measured. Using proteomics m ta assay; mul- 
tiple variables (e.g., expression level, rate of synthesis, 
phosphorylation state, etc) are measured concurrently 
on many (ideally all) of the proteins in a sample. Tbe 
use of proteomics as an assay is a less far-reaching prop- 
osition than the construction of a comprehensive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to- investigate specific 
systems and pathways, as long as tbe interpretation of- 
the results takes into account that with current techno!- 
' ogy not all or the variables which describe the .syttcm 
can be observed (see' Section 3.4). 

A common implementation of proteome analysis. Bs a 
biological assay is when a 2-DE protein pattern gener- 
ated from Ihe analysis or an experimental sample is 
compared lo an. array of reference patterns representing 
different states- of the system, under investigation. The 
stste of tho experimental system at- the time the sample 
was generated is therefore. determined by the quantita-. 
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• • ^wnn/j.llve analysis of hundreds to » few thousand 
1™, ° r «« i - OE pajterM fur- 
ffire ifflW* quantitative and qua .lauve d.lfcr- 
S Kroteln profiles which cone ale w.th fee 
SSftf ll» system. For this type of tnalysa « •« "P l 
Sit lhaull.lh* protein are ident.Ccd or even «»■ 
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slit'ed. allhoush the results become mote .rformanve bs 
Sf pnidu ate compared, tt b obvious, however,: rjui 
the possibility to identifr any protein, deemed character- 
Sfcfa a particular slale dramatically . cfltupw. this 
approach by opening up ne* avenues for experimenta- 
tion. 
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Proteome an.lysis as a biologic? h " h ""™"** . 
foHV used in 'he field of toxicology. » 
£ LHlales or lo study differential adivalion or edb. 
S oa* « .f course, by the fad that only 
Jh^Se Protein soot, arc included U the essay; mil 
L wbK& that a substantial but fat from complde 
tactl of cellular proteins ire **«•<» 
via is separated by 2-DE. Protein, ma? not be 
detolcd In 2-DB gels became they are Ml a^ndanl 
eSb lo b visualited by .he detecMon metM 
because .hey do not migrate wi.bia «*>^«<» *'£ 
ofl i Vuolved by the gel, because they are nol soluble 
cocoas . ied. or for other reasons. 

A different way to use proteome analysis »» « biological 
e $si v ft^Dne the fb... of a biological system Is to lake 
Idvanuge of the .wealth of information contamed In 
• -DE prote" p.«ems : 2-DB Is referred to as j twc-d™«- 
ional because of the etecuopho.etlc niob.ulT and the 
LoelcwTpoints which define the posUiofl of each pro- 
£n iTa 2-DB pattern- lo addition to the two dunen, 
Tns u»ed to generate the protein patterns. « 
additional data dimensions ere contained inthe protein 
patterns. Some or these dimensions such 

prcssian level, phosphorylation i state 
Uoo association with other pioleuw. rate of V*** " 
degradauop indicate the adivity side of a proton or a 
bfologUl Astern. Comparative anajyri, of 
oatteraTrepreientiag different stales is therefore Ideally 
£ Mb tS.», identificaUon ° 
™ uble nwkers. Once egaio it must be 
in this type ofexperimenl only a fraction of Iho cellular 
£oSTenalyttIsinee mat* regulatory proteins are 
or low abundance, this Umilauon. is e cooeero. partlcu- 
- u ! ,|y ia^cases lo *bic« regulatory pathway, are bemg 
investigated. 



5 Concluding remarks 

la ibis report we have addressed three mate issues 
Elated to proteome analysis. First, we .have discussed 
Z«lioaalo for studying- promts- f^J^l 
ceased the technical feasibility of analysing PM""* 
and.described o.nent proteome tetlmology, etrf "tblr^ 
we have analyzed the utility of proleotne analysis for blo- 
!* « eel research. II Is apparent lhal P«teome analysis is 
L^entMool in the analysis of biological gMsm. 
Jbt multi-level control or praum synthesis and degra d> 

. tion in cells means that only the dl ed analysU of 
mature protein products can reveal their correct identi- 
Z thX «elcvanl state of modification and/or a*oc£ 
Hon and their amounts.. RecenUy developed .melhods 
have enabled the identification of protems at ever- 

• increasing sensitivity levels and at a high leve of auto- 
mation of the analytical processes. A number ot lecfa- 
™„rcha»eages. however, remain. White ,« .b gently 
possible to identify essenlUlly any protein spots that can 
be visualized by common staining -methods. 11 is ap- 
parent that without prior enrichment only a relaUvely 
small and highly selected population of tonrtesj. 
highly expressed proteins Is observed. There are many 
more proteins In a given cell which .re not vsuaiized by 
such methods. Frequently it is Ibe low abundance pro- 
teins ihst execute key' regulatory functions. 



Cfcmjitwii mi. It. isn-ini 

We have outlined the two principal ways proteome anal- 
y,i, is currently being used to intersect with biological 
Lcarch p'rojecis: the proteome as a database o. data 
S. and pioteome analysis as a biological assay. Both 
approaches have in common that * P'«">» *** »" 
ceptuilly and technically limited. Current proieprne data- 
bases typically are limited to on© cell type and one state 
of 'a cell and theiefpredo not account for the dynamics 
or biological jysUtris.The use of proteome analysis as a 
biological assay can provide a wealth of wfonnaUon. but 
it is limited to the proteins delected and is therefore nol 
truly oreleomo-wide. These limitations in proleoroios are 
to a large extent a refleelion or the fad that protehis to 
their fully processed form cannot easily bo amplified, and 
are therefore dUBeull lo Isolate in amounts sumdenUor 
analysis or experimentation. The fact that to daieloo 
complete proteome has been described further aUejl? lo 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
. goal br eoinplete proteome analysis wilt eventually . 
become attainable. ..' 

■Wt iwtftf' Uki to adaowtiii€ thejuadtns /or our *w* 
from iht Notion*! Sdtnu Foundelloo SeleiUf end TtchMl- 
ob CeHtf /or Molecular BioUdinolOfy ond /Torn tht Wit. 
Wt thank YvoH Rodion ond Sob Fronio for providing Uu 
ytott g<l lAo'wn and Blsottlta Gtanaua for providing int 
ret serum gels sftowa. • . 
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the test DNA molecule under conditions suitable for expression of the polypeptide, and (iii) recovering the 
polypeptide from the cell culture. 

In yet another embodiment, the invention concerns agonists and antagonists of a native PR01131 
polypeptide. In a particular embodiment, the agonist or antagonist is an anti-PROl 131 antibody. 

In a further embodiment, the invention concerns a method of identifying agonists or antagonists of a 
5 native PR01131 polypeptide, by contacting the native PROH31 polypeptide with a candidate molecule and 
monitoring a biological activity mediated by said polypeptide. 

In a still further embodiment, the invention concerns a composition comprising a PROl 131 polypeptide, 
or an agonist or antagonist as hereinabove defined, in combination with a pharmaceutically acceptable carrier. 

In another embodiment, the invention provides an expressed sequence tag (EST) designated herein as 
10 DNA43546 comprising the nucleotide sequence of Figure 231 (SEQ ID NO:320). 

99. PRQ1281 

A cDNA clone (DNA59820- 1549) has been identified that encodes a novel secreted polypeptide 
designated in the present application as "PR01281". 
15 In one embodiment, the invention provides an isolated nucleic acid molecule comprising DNA encoding 

a PR01281 polypeptide. 

In one aspect, the isolated nucleic acid comprises DNA having at least about 80% sequence identity; 
preferably at least about 85% sequence identity, more preferably at least about 90% sequence identity, most 
preferably at least about 95% sequence identity to (a) a DNA molecule encoding a PR01281 polypeptide having 
10 the sequence of amino acid residues from about 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326), or 
(b) the complement of the DNA molecule of (a). 

In another aspect, the invention concerns an isolated nucleic acid molecule encoding a PR01281 
polypeptide comprising DNA hybridizing to the complement of the nucleic acid between about residues 273 and 
about 2552, inclusive, of Figure 232 (SEQ ID NO:325). Preferably, hybridization occurs under stringent 
t5 hybridization and wash conditions. 

In a further aspect, the invention concerns an isolated nucleic acid molecule comprising DNA having 
at least about 80% sequence identity, preferably at least about 85% sequence identity, more preferably at least 
about 90% sequence identity, most preferably at least about 95% sequence identity, to (a) a DNA molecule 
encoding the same mature polypeptide encoded by the human protein cDNA in ATCC Deposit No. 203129 

!0 (DNA59820-1549), or (b) the complement of the DNA molecule of (a). In a preferred embodiment, the nucleic 
acid comprises a DNA encoding the same mature polypeptide encoded by the human protein cDNA in ATCC 
Deposit No. 203129 (DNA59820-1549). 

In a still further aspect, the invention concerns an isolated nucleic acid molecule comprising (a) DNA 
encoding a polypeptide having at least about 80% sequence identity, preferably at least about 85 % sequence 

5 identity, more preferably at least about 90% sequence identity, most preferably at least about 95% sequence 
identity to the sequence of amino acid residues from about 16 to about 775 . inclusive of Figure 233 (SEQ ID 
NO:326), or the complement of the DNA of (a). 
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In a further aspect, the invention concerns an isolated nucleic acid molecule having at least about 50 
nucleotides, and preferably at least about 100 nucleotides and produced by hybridizing a test DNA molecule 
under stringent conditions with (a) a DNA molecule encoding a PRO 1281 polypeptide having the sequence of 
amino acid residues from about 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326), or (b) the 
complement of the DNA molecule of (a), and, if the DNA molecule has at least about an 80% sequence identity, 

5 preferably at least about an 85% sequence identity, more preferably at least about a 90% sequence identity, most 
preferably at least about a 95% sequence identity to (a) or (b), isolating the test DNA molecule. 

In a specific aspect, the invention provides an isolated nucleic acid molecule comprising DNA encoding 
a PR01281 polypeptide, with or without the N-terminal signal sequence and/or the initiating methionine, or is 
complementary to such encoding nucleic acid molecule. The signal peptide has been tentatively identified as 

0 extending from amino acid position 1 through about amino acid position 15 in the sequence of Figure 233 (SEQ 
ID N0.326). 

In another aspect, the invention concerns an isolated nucleic acid molecule comprising (a) DNA 
encoding a polypeptide scoring at least about 80% positives, preferably at least about 85% positives, more 
preferably at least about 90% positives, most preferably at least about 95% positives when compared with the 
5 amino acid sequence of residues 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326), or (b) the 
complement of the DNA of (a). 

Another embodiment is directed to fragments of a PRO 1281 polypeptide coding sequence that may find 
use as hybridization probes. Such nucleic acid fragments are from about 20 to about 80 nucleotides in length, 
preferably from about 20 to about 60 nucleotides in length, more preferably from about 20 to about 50 
nucleotides in length, and most preferably from about 20 to about 40 nucleotides in length. 

In another embodiment, the invention provides isolated PRO 1281 polypeptide encoded by any of the 
isolated nucleic acid sequences hereinabove defined. 

In a specific aspect, the invention provides isolated native sequence PRO 1281 polypeptide, whichinone 
embodiment, includes an amino acid sequence comprising residues 1 6 to 775 of Figure 233 (SEQ ID NO:326). 

In another aspect, the invention concerns an isolated PR0128I polypeptide, comprising an amino acid 
sequence having at least about 80% sequence identity, preferably at least about 85% sequence identity, more 
preferably at least about 90% sequence identity, most preferably at least about 95% sequence identity to the 
sequence of amino acid residues 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326). 

In a further aspect, the invention concerns an isolated PR01281 polypeptide, comprising an amino acid 
sequence scoring at least about 80% positives, preferably at least about 85% positives, more preferably at least 
about 90% positives, most preferably at least about 95% positives when compared with the amino acid sequence 
of residues 16 to 775 of Figure 233 (SEQ ID NO:326). 

In yet another aspect, the invention concerns an isolated PRO 1 28 1 polypeptide, comprising the sequence 
of amino acid residues 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326), or a fragment thereof 
sufficient to provide a binding site for an anti-PR01281 antibody. Preferably, the PRO 1281 fragment retains 
a qualitative biological activity of a native PR01281 polypeptide. 
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In a still further aspect, the invention provides a polypeptide produced by (i) hybridizing a test DNA 
molecule under stringent conditions with (a) a DNA molecule encoding a PRO 1281 polypeptide having the 
sequence of amino acid residues from about 16 to about 775, inclusive of Figure 233 (SEQ ID NO:326), or (b) 
the complement of the DNA molecule of (a), and if the test DNA molecule has at least about an 80% sequence 
identity, preferably at least about an 85% sequence identity, more preferably at least about a 90% sequence 
identity, most preferably at least about a 95% sequence identity to (a) or (b), (ii) culturing a host cell comprising 
the test DNA molecule under conditions suitable for expression of the polypeptide, and (iii) recovering the 
polypeptide from the cell culture. 

100. PRQ1064 

A cDNA clone (DNA59827-1426) has been identified that encodes a novel transmembrane polypeptide, 
designated in the present application as "PRO1064". 

In one embodiment, the invention provides an isolated nucleic acid molecule comprising DNA encoding 
a PRO1064 polypeptide. 

In one aspect, the isolated nucleic acid comprises DNA having at least about 80% sequence identity, 
preferably at least about 85% sequence identity, more preferably at least about 90% sequence identity, most 
preferably at least about 95% sequence identity to (a) a DNA molecule encoding a PRO1064 polypeptide having 
the sequence of amino acid residues from about 1 or about 25 to about 153, inclusive of Figure 235 (SEQ ID 
NO:334), or (b) the complement of the DNA molecule of (a). 

In another aspect, the invention concerns an isolated nucleic acid molecule encoding a PRO1064 
polypeptide comprising DNA hybridizing to the complement of the nucleic acid between about nucleotides 532 
or about 604 and about 990, inclusive, of Figure 234 (SEQ ID NO:333). Preferably, hybridization occurs under 
stringent hybridization and wash conditions. 

In a further aspect, the invention concerns an isolated nucleic acid molecule comprising DNA having 
at least about 80% sequence identity, preferably at least about 85% sequence identity, more preferably at least 
about 90% sequence identity, most preferably at least about 95% sequence identity to (a) a DNA molecule 
encoding the same mature polypeptide encoded by the human protein cDNA in ATCC Deposit No. 203089 
(DNA59827-1426) or (b) the complement of the nucleic acid molecule of (a). In a preferred embodiment, the 
nucleic acid comprises a DNA encoding the same mature polypeptide encoded by the human protein cDNA in 
ATCC Deposit No. 203089 (DNA59827- 1426). 

In still a further aspect, the invention concerns an isolated nucleic acid molecule comprising (a) DNA 
encoding a polypeptide having at least about 80% sequence identity, preferably at least about 85% sequence 
identity, more preferably at least about 90% sequence identity, most preferably at least about 95% sequence 
identity to the sequence of amino acid residues 1 or about 25 to about 153, inclusive of Figure 235 (SEQ ID 
NO:334), or (b) the complement of the DNA of (a). 

In a further aspect, the invention concerns an isolated nucleic acid molecule having at least 10 
nucleotides and produced by hybridizing a test DNA molecule under stringent conditions with (a) a DNA 
molecule encoding a PRO1064 polypeptide having the sequence of amino acid residues from 1 or about 25 to 
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an isolated PRO polypeptide nucleic acid molecule includes PRO polypeptide nucleic acid molecules contained 
in cells that ordinarily express the PRO polypeptide where, for example, the nucleic acid molecule is in a 
. chromosomal location different from that of natural cells. 

The term "control sequences" refers to DNA sequences necessary for the expression of an operably 
linked coding sequence in a particular host organism. The control sequences that are suitable for prokaryotes, 
for example, include a promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells 
are known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic 
acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or 
enhancer is operably linked to a coding sequence if it affects the transcription of the sequence; or a ribosome 
binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. Generally, 
"operably linked" means that the DNA sequences being linked are contiguous, and, in the case of a secretory 
leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is 
accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic oligonucleotide 
adaptors or linkers are used in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and specifically covers, for example, single anti-PRO 
monoclonal antibodies (including agonist, antagonist, and neutralizing antibodies), anti-PRO antibody 
compositions with polyepitopic specificity, single chain anti-PRO antibodies, and fragments of anti-PRO 
antibodies (see below). The term "monoclonal antibody" as used herein refers to an antibody obtained from a 
population of substantially homogeneous antibodies, i.e. . the individual antibodies comprising the population are 
identical except for possible naturally-occurring mutations that may be present in minor amounts. 

"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art, and 
generally is an empirical calculation dependent upon probe length, washing temperature, and salt concentration. 
In general, longer probes require higher temperatures for proper annealing, while shorter probes need lower 
temperatures. Hybridization generally depends on the ability of denatured DNA to reanneal when 
complementary strands are present in an environment below their melting temperature. The higher the degree 
of desired homology between the probe and hybridizable sequence, the higher the relative temperature which 
can be used. As a result, it follows that higher relative temperatures would tend to make the reaction conditions 
more stringent, while lower temperatures less so. For additional details and explanation of stringency of 
hybridization reactions, see Ausubel et al., Current Protocols in Molecular Binlnpv Wiley Interscience 
Publishers, (1995). 

•Stringent conditions" or "high stringency conditions", as defined herein, may be identified by those 
that: (1) employ low ionic strength and high temperature for washing, for example 0.015 M sodium 
chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at 50°C; (2) employ during hybridization a 
denaturing agent, such as formamide, for example,. 50% (v/v) formamide with 0.1% bovine serum 
albumin/0. 1 % Ficoll/0. 1 % polyvinylpyrroIidone/50mMsodium phosphate buffer at pH 6.5 with 750 mM sodium 
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x SSC (0.75 M NaCl, 0^075 M 
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include agonist or antagonist antibodies or antibody fragments, fragments or amino acid sequence variants of 
native PRO polypeptides, peptides, small organic molecules, etc. Methods for identifying agonists or 
antagonists of a PRO polypeptide may comprise contacting a PRO polypeptide with a candidate agonist or 
antagonist molecule and measuring a detectable change in one or more biological activities normally associated 
with the PRO polypeptide. 

5 "Treatment" refers to both therapeutic treatment and prophylactic or preventative measures, wherein 

the object is to prevent or slow down (lessen) the targeted pathologic condition or disorder. Those in need of 
treatment include those already with the disorder as well as those prone to have the disorder or those in whom 
the disorder is to be prevented. 

"Chronic" ao^ninistration refers to administration of the agent(s) in a continuous mode as opposed to 
10 an acute mode, so as to maintain the initial therapeutic effect (activity) for an extended period of time. 
"Intermittent" administration is treatment that is not consecutively done without interruption, but rather is cyclic 
in nature. 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, including humans, 
domestic and farm animals, and zoo, sports, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats, 
15 rabbits, etc. Preferably, the mammal is human. 

Administration "in combination with" one or more further therapeutic agents includes simultaneous 
(concurrent) and consecutive administration in any v order. 

"Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers which 
are nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations employed. Often 

50 the physiologically acceptable carrier is an aqueous pH buffered solution. Examples of physiologically 
acceptable carriers include buffers such as phosphate, citrate, and other organic acids; antioxidants including 
ascorbic acid; low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, 
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, 
glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides. and other carbohydrates including 

!5 glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol; salt- 
forming counterions such as sodium; and/or nonionic surfactants such as TWEEN™. polyethylene glycol (PEG), 
and PLURONICS™. 

"Antibody fragments" comprise a portion of an intact antibody, preferably the antigen binding or 
variable region of the intact antibody. Examples of antibody fragments include Fab, Fab', F(ab% and Fv 
0 fragments; diabodies; linear antibodies (Zapata et al.. Protein En P . 8(10): 1057-1062 [1995]); single-chain 
antibody molecules; and multispecific antibodies formed from antibody fragments. 

Papain digestion of antibodies produces two identical antigen-binding fragments, called "Fab- 
fragments, each with a single antigen-binding site, and a residual "Fc" fragment, a designation reflecting the 
ability to crystallize readily. Pepsin treatment yields an F(ab') 2 fragment that has two antigen-combining sites 
5 and is still capable of cross-linking antigen. 
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"Fv" is the minimum antibody fragment which contains a complete antigen-recognition and -binding 
site. This region consists of a dimer of one heavy- and one light-chain variable domain in tight, non-covalent 
association. It is in this configuration that the three CDRs of each variable domain interact to define an antigen- 
binding site on the surface of the VH-VL dimer. Collectively, the six CDRs confer antigen-binding specificity 
to the antibody. However, even a single variable domain (or half of an Fv comprising only three CDRs specific 
5 for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than the entire binding 
site. 

The Fab fragment also contains the constant domain of the light chain and the first constant domain 
(CHI) of the heavy chain. Fab fragments differ from Fab" fragments by the addition of a few residues at the 
carboxy terminus of the heavy chain CHI domain including one or more cysteines from the antibody hinge 
10 region. Fab'-SH is the designation herein for Fab' in which the cysteine residue(s) of the constant domains bear 
a free thiol group. F(ab') 2 antibody fragments originally were produced as pairs of Fab' fragments which have 
hinge cysteines between them. Other chemical couplings of antibody fragments are also known. 

The "light chains' of antibodies (immunoglobulins) from any vertebrate species can be assigned to one 
of two clearly distinct types, called kappa and lambda, based on the amino acid sequences of their constant 
IS domains. 

Depending on the amino acid sequence of the constant domain of their heavy chains, immunoglobulins 
can be assigned to different classes. There are five major classes of immunoglobulins: IgA, IgD, IgE, IgG, and 
IgM, and several of these may be further divided into subclasses (isotypes), e.g., IgGl, IgG2, IgG3, IgG4, IgA, 
and IgA2. 

20 "Single-chain Fv' or "sFv" antibody fragments comprise the VH and VL domains of antibody, wherein 

these domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a 
polypeptide linker between the VH and VL domains which enables the sFv to form the desired structure for 
antigen binding. For a review of sFv, see Pluckthun in The Pharmacology of Monoclonal Anting. V ol. 113. 
Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994). 

25 The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which 

fragments comprise a heavy-chain variable domain (VH) connected to a light-chain variable domain (VL) in the 
same polypeptide chain (VH - VL). By using a linker that is too short to allow pairing between the two domains 
on the same chain, the domains are forced to pair with the complementary domains of another chain and create 
two antigen-binding sites. Diabodies are described more fully in, for example, EP 404,097; WO 93/11161; and 

30 Hollinger etal.. Proc. Natl. Acad. Sci. USA QCi-fAdA-f^Aa (ioo-n 

An "isolated" antibody is one which has been identified and separated and/or recovered from a 
component of its natural environment. Contaminant components of its natural environment are materials which 
would interfere with diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and 
other proteinaceous or nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) 

35 to greater than 95 % by weight of antibody as determined by the Lowry method, and most preferably more than 
99% by weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid 
sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing or 
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nonreducing conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the antibody 
in situ within recombinant cells since at least one component of the antibody's natural environment will not be 
present. Ordinarily, however, isolated antibody will be prepared by at least one purification step. 

The word "label" when used herein refers to a detectable compound or composition which is conjugated 
directly or indirectly to the antibody so as to generate a "labeled" antibody. The label may be detectable by itself 
5 (e.g. radioisotope labels or fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical 
alteration of a substrate compound or composition which is detectable. 

By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can 
adhere. Examples of solid phases encompassed herein include those formed partially or entirely of glass (e.g. , 
controlled pore glass), polysaccharides (e.g., agarose), polyacrylamides. polystyrene, polyvinyl alcohol and 
10 silicones. In certain embodiments, depending on the context, the solid phase can comprise the well of an assay 
plate; in others it is a purification column (e.g., an affinity chromatography column). This term also includes 
a discontinuous solid phase of discrete particles, such as those described in U.S. Patent No. 4,275, 149. 

A "liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant 
which is useful for delivery of a drug (such as a PRO polypeptide or antibody thereto) to a mammal. The 
15 components of the liposome are commonly arranged in a bilayer formation, similar to the lipid arrangement of 
biological membranes. 

A "small molecule" is defined herein to have a molecular weight below about 500 Daltons. 



20 



25 



n - Compositions and Methods of the Invention 

The present invention provides newly identified and isolated nucleotide sequences encodingpolypeptides 
referred to in the present application as PRO polypeptides; In particular, cDNAs encoding various PRO 
polypeptides have been identified and isolated, as disclosed in further detail in the Examples below. It is noted 
that proteins produced in separate expression rounds may be given different PRO numbers but the UNQ number 
is unique for any given DNA and the encoded protein, and will not be changed. However, for sake of 
simplicity, in the present specification the protein encoded by the full length native nucleic acid molecules 
disclosed herein as well as all further native homologues and variants included in the foregoing definition of 
PRO, will be referred to as "PRO/number", regardless of their origin or mode of preparation. 

As disclosed in the Examples below, various cDNA clones have been deposited with the ATCC. The 
actual nucleotide sequences of those clones can readily be determined by the skilled artisan by sequencing of the 
deposited clone using routine methods in the art. The predicted amino acid sequence can be determined from 
the nucleotide sequence using routine skill. For the PRO polypeptides and encoding nucleic acids described 
herein, Applicants have identified what is believed to be the reading frame best identifiable with the sequence 
infonnation available at the time. 

35 !• Full-length PRQ281 Polvnpp tirfp« 

The present invention provides newly identifiedand isolated nucleotide sequences encoding polypeptides 
referred to in the present application as PR0281 (UNQ244). In particular. cDNA encoding a PRQ281 
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Another means of increasing the number of carbohydrate moieties on the PRO polypeptide is by 
chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are described in the art, e.g. , 
in WO 87/05330 published 1 1 September 1987, and in Aplin and Wriston, CRC Crit. Rev. Biochem.. pp. 259- 
306 (1981). 

Removal of carbohydrate moieties present on the PRO polypeptide may be accomplished chemically 
5 or enzymatically or by mutational substitution of codons encoding for amino acid residues that serve as targets 
for glycosylation. Chemical deglycosylation techniques are known in the art and described, for instance, by 
Hakimuddin, et al.. Arch. Biochem. Biophvs.. 259:52 (1987) and by Edge et al., Anal. Biochem.. 118:131 
(1981). Enzymatic cleavage of carbohydrate moieties on polypeptides can be achieved by the use of a variety 
of endo- and exo-glycosidases as described by Thotakura et al., Meth. Enzvmol.. 138:350 (1987). 

10 Another type of covalent modification of PRO comprises linking the PRO polypeptide to one of a variety 

of nonproteinaceous polymers, e.g., polyethylene glycol (PEG), polypropylene glycol, or polyoxyalkylenes, in 
the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301 , 144; 4,670,417; 4,791 ,192 or 4, 179,337. 

The PRO of the present invention may also be modified in a way to form a chimeric molecule 
comprising PRO fused to another, heterologous polypeptide or amino acid sequence. 

15 In one embodiment, such a chimeric molecule comprises a fusion of the PRO with a tag polypeptide 

which provides an epitope to which an anti-tag antibody can selectively bind. The epitope tag is generally placed 
at the amino- or carboxyl- terminus of the PRO. The presence of such epitope-tagged forms of the PRO can be 
detected using an antibody against the tag polypeptide. Also, provision of the epitope tag enables the PRO to 
be readily purified by affinity purification using an anti-tag antibody or another type of affinity matrix that binds 

20 to the epitope tag. Various tag polypeptides and their respective antibodies are well known in the art. Examples 
include poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide and its 
antibody 12CA5 [Field et al., Mol. Cell. Biol.. 8:2159-2165 (1988)]; the c-myc tag and the 8F9, 3C7, 6E10, 
G4, B7 and 9E 10 antibodies thereto [Evan etal.. Molecular and Cellular Biolopv. 5:3610-3616 (1985)]; and the 
Herpes Simplex virus glycoprotein D (gD) tag and its antibody [Paborsky et al.. Protein Engineering. 2(6):547r 

25 553 (1990)]. Other tag polypeptides include the Flag-peptide [Hopp et al., BioTechnologv. 6:1204.1210 
(1988)]; the KT3 epitope peptide [Martin et al.. Science . 255:192-194 (1992)]; an a-tubulin epitope peptide 
[Skinner et al., J. Biol. Chem.. 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide tag [Lutz- 
Freyennuth et al. , Proc. Natl. Acad. Sci. USA. 87:6393-6397 (1990)] . 

In an alternative embodiment, the chimeric molecule may comprise a fusion of the PRO with an 

30 immunoglobulin or a particular region of an immunoglobulin. For a bivalent form of the chimeric molecule (also 
referred to as an "immunoadhesin"), such a fusion could be to the Fc region of an IgG molecule. The Ig fusions 
preferably include the substitution of a soluble (transmembrane domain deleted or inactivated) form of a PRO 
polypeptide in place of at least one variable region within an Ig molecule. In a particularly preferred 
embodiment, the immunoglobulin fusion includes the hinge, CH2 and CH3, or the hinge, CHI, CH2 and CH3 

35 regions of an IgGl molecule. For the production of immunoglobulin fusions see also US Patent No. 5,428, 130 
issued June 27, 1995. • 
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D. Preparation of PRO 

The description below relates primarily to production of PRO by culturing cells transformed or 
transfected with a vector containing PRO nucleic acid. It is, of course, contemplated that alternative methods, 
which are well known in the art, may be employed to prepare PRO. For instance, the PRO sequence, or 
portions thereof, may be produced by direct peptide synthesis using solid-phase techniques [see, e.g., Stewart 
5 et al. , Solid-Phase Peptide Synthesis, W.H. FreemanCo., San Francisco, CA(1969); Merrifield, J.Am.Chem. 
Soc^, 85:2149-2154 (1963)]. In vitro protein synthesis may be performed using manual techniques or by 
automation. Automated synthesis may be accomplished, for instance, using an Applied Biosystems Peptide 
Synthesizer (Foster City, CA) using manufacturer's instructions. Various portions of the PRO may be 
chemically synthesized separately and combined using chemical or enzymatic methods to produce the mil-length 
10 PRO. 

1- Isolation of DNA Encoding PR O 
DNA encoding PRO may be obtained from a cDNA library prepared from tissue believed to possess 
the PRO mRNA and to express it at a detectable level. Accordingly, human PRO DNA can be conveniently 
15 obtained from a cDNA library prepared from human tissue, such as described in the Examples. The PRO- 
encoding gene may also be obtained from a genomic library or by known synthetic procedures (e.g., automated 
nucleic acid synthesis). 

Libraries can be screened with probes (such as antibodies to the PRO or oligonucleotides of at least 
about 20-80 bases) designed to identify the gene of interest or the protein encoded by it. Screening the cDNA 
or genomic library with the selected probe may be conducted using standard procedures, such as described in 
Sambrook et al.. Molecular Cloninp: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press. 
1989). An alternative means to isolate the gene encoding PRO is to use PCR methodology [Sambrook et al. . 
supra; Dieffenbach et al.. PCR Primer: A laboratory Manual (Cold Spring Harbor Laboratory Press. 1995)). 
The Examples below describe techniques for screening a cDNA library. The oligonucleotide sequences 
25 selected as probes should be of sufficient length and sufficiently unambiguous that false positives are minimized. 
The oligonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the library 
being screened. Methods of labeling are well known in the art . and include the use of radiolabels like "P-labeled 
ATP. biotinylation or enzyme labeling. Hybridization conditions, including moderate stringency and high 
, stringency, are provided in Sambrook et al., supra. 
30 Sequences identified in such library screening methods can be compared and aligned to other known 

sequences deposited and available in public databases such as GenBank or other private sequence databases. 
Sequence identity (at either the amino acid or nucleotide level) within defined regions of the molecule or across 
the full-length sequence can be determined using methods known in the art and as described herein. 

Nucleic acid having protein coding sequence may be obtained by screening selected cDNA or genomic 
35 libraries using the deduced amino acid sequence disclosed herein for the first time. and. if necessary, using 
conventional primer extension procedures as described in Sambrook et al.. supra, to detect precursors and 
processing intermediates of mRNA that may not have been reverse-transcribed into cDNA. 
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2. Selection and Transformation of Host Cells 
Host cells are transfected or transformed with expression or cloning vectors described herein for PRO 
production and cultured in conventional nutrient media modified as appropriate for inducing promoters, selecting 
transformams, or amplifying the genes encoding the desired sequences. The culture conditions, such as media, 
temperature, pH and the like, can be selected by the skilled artisan without undue experimentation. In general, 
5 principles, protocols, and practical techniques for maximizing the productivity of cell cultures can be found in 
Mammalian Cell Biotechnology: a Practical Ap pmar.h M. Butler, ed. (IRL Press, 1991) and Sambrook et al., 
supra . 

Methods of eukaryotic cell transfection and prokaryotic cell transformation are known to the ordinarily 
skilled artisan, for example, CaClj, CaP0 4 . liposome-mediated and electroporation. Depending on the host cell 

10 used, transformation is performed using standard techniques appropriate to such cells. The calcium treatment 
employing calcium chloride, as described in Sambrook et al., supra , or electroporation is generally used for 
prokaryotes. Infection with Agrobacterium tumefaciens is used for transformation of certain plant cells, as 
described by Shaw etal., Gejie,23:315(1983)andWO89/05859published29June 1989. For mammalian cells 
without such cell walls, the calcium phosphate precipitation method of Graham and van der Eb, Virology. 

15 52:456-457 (1978) can be employed. General aspects of mammalian cell host system transfections have been 
described in U.S. Patent No. 4,399,216. Transformations into yeast are typically carried out according to the 
method of Van Solingen et al.. OacL, 130:946 (1977) and Hsiao et al. . Proc. Natl. Acad. Sri ( USA) 76:3829 
(1979). However, other methods for introducing DNA into cells, such as by nuclear microinjection, 
electroporation. bacterial protoplast fusion with intact cells, or polycations, e.g., polybrene, polyornithine, may 

JO also be used. For various techniques for transforming mammalian cells, see Keown et al., Methods in 
Enzvniology, 185:527-537 (1990) and Mansour et al.. Nature. 336:348-352 (1988). 

Suitable host cells for cloning or expressing the DNA in the vectors herein include prokaryote, yeast, 
or higher eukaryote cells. Suitable prokaryotes include but are not limited to eubacteria, such as Gram-negative 
or Gram-positive organisms, for example. Enterobacteriaceae such as E. coli. Various E. coli strains are 

15 publicly available, such as E. coli K12 strain MM294 (ATCC 31.446); E. coli X1776 (ATCC 31,537); E. coli 
strain W3110 (ATCC 27,325) and K5 772 (ATCC 53.635). Other suitable prokaryotic host cells include 
Enterobacteriaceae such as Escherichia, e.g.. E. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, 
e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. 
subtilis and B. licheniformis (e.g., B. licheniformis 41 P disclosed in DD 266,710 published 12 April 1989), 

0 Pseuddmonas such as P. aeruginosa, and Streptotnyces . These examples are illustrative rather than limiting. 
Strain W3 1 10 is one particularly preferred host or parent host because it is a common host strain for recombinant 
DNA product fermentations. Preferably, the host cell secretes minimal amounts of proteolytic enzymes. For 
example, strain W31 10 may be modified to effect a genetic mutation in the genes encoding proteins endogenous 
to the host, with examples of such hosts including E. coli W31 10 strain 1 A2. which has the complete genotype 

5 tonA ; E. coli W31 10 strain 9E4, which has the complete genotype- tonA ptr3; E. coli W3 1 10 strain 27C7 
(ATCC 55,244), which has the complete genotype tonA ptr3 phoA E15 (argF-lac)169degPompTkarf; E. coli 
W3 1 10 strain 37D6. which has the complete genotype tonA ptr3 phoA El 5 (argF-lac)J69 degP ompT rbs7 
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HvG kaif; E. coli W3110 strain 40B4, which is strain 37D6 with a non-kanamycin resistant degP deletion 
mutation; and an E. co// strain having mutant periplasmic protease disclosed in U.S. Patent No. 4,946,783 issued 
7 August 1990. Alternatively, in vitro methods of cloning, e.g. , PCR or other nucleic acid polymerase reactions, 
are suitable. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning 
or expression hosts for PRO-encoding vectors. Saccharomyces cerevisiae is a commonly used lower eukaryotic 
host microorganism. Others include Schizosaccharornyces pombe (Beach and Nurse, Nature . 290: 140 [1981]; 
EP 139,383 published 2 May 1985); Kluyveromyces hosts (U.S. Patent No. 4,943,529; Fleer et al., 
Bio/Technology. 9:968-975 (1991)) such as, e.g., AT. lactis (MW98-8C, CBS683, CBS4574; Louvencourt et al., 
J. Bacterid.. 737 [1983]), K.fragiUs (ATCC 12,424), K. bulgaricus (ATCC 16,045), K.mckeramii (ATCC 
24,178), K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906; Van den Berg et al., Bio/Technology. 
8:135 (1990)), K. thermotolerans, and K. marxianus; yarrowia (EP 402,226); Pichia pastoris (EP 183,070; 
Sreekrishna et al., J. Basic Microbiol.. 28:265-278 [1988]); Candida; Trichoderma reesia (EP 244,234); 
Neurospora crassa (Case et al., Proc. Natl. Acad. Sci. USA. 76:5259-5263 [1979]); Schwanniomyces such as 
Schwanniomyces occidentalis (EP 394,538 published 31 October 1990); and filamentous fungi such as, e.g., 
Neurospora. Penicillium, Totypocladium (WO 91/00357 published 10 January 1991), and Aspergillus hosts such 
as A. nidulans (Ballance et al.. Biochem. Biophvs. Res. Commun.. 112:284-289 [1983]; Tilburn et al., Gene . 
26:205-221 [1983]; Yelton et al., Proc. Natl. Acad. Sci. USA . 81: 1470-1474 [1984]) and A. niger (Kelly and 
Hynes, EMBOJ., 4:475-479 [1985]). Methylotropic yeasts are suitable herein and include, but are not limited 
to, yeast capable of growth on methanol selected from the genera consisting of Hansenula, Candida, Kloeckera, 
Pichia, Saccharomyces, Torulopsis, and Rhodotorula. A list of specific species that are exemplary of this class 
of yeasts may be found in C. Anthony, The Biochemistry of Methvlotrophs. 269 (1982). 

Suitable host cells for the expression of glycosylated PRO are derived from multicellular organisms. 
Examples of invertebrate cells include insect cells such as Drosophila S2 and Spodoptera Sf9, as well as plant 
cells. Examples of useful mammalian host cell lines include Chinese hamster ovary (CHO) and COS cells. 
More specific examples include monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651); 
human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al.. J^. 
Gen Vfrol. , 36:59 (1977)); Chinese hamster ovary cells/-DHFR (CHO, Urlaub and Chasin, Proc. Natl. Acad. 
S( ?*- USA - 77:4216 (1980)); mouse Sertoli cells (TM4, Mather, Biol. Reprod.. 23:243-251 (1980)); human lung 
cells (W138, ATCC CCL 75); human liver cells (Hep G2, HB 8065); and mouse mammary tumor (MMT 
060562, ATCC CCL51). The selection of the appropriate host cell is deemed to be within the skill in the art. 

3. Selection and Use of a Replicable Vecmr 
The nucleic acid (e.g., cDNA or genomic DNA) encoding PRO may be inserted into a replicable vector 
for cloning (amplification of the DNA) or for expression. Various vectors are publicly available. The vector 
may, for example, be in the form of a plasmid, cosmid, viral particle, or phage. The appropriate nucleic acid 
sequence may be inserted into the vector by a variety of procedures. In general, DNA is inserted into an 
appropriate restriction endonuclease site(s) using techniques known in the an. Vector components generally 
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include, but are not limited to, one or more of a signal sequence, an origin of replication, one or more marker 
genes, an enhancer element, a promoter, and a transcription termination sequence. Construction of suitable 
vectors containing one or more of these components employs standard ligation techniques which are known to 
the skilled artisan. 

The PRO may be produced recombinant not only directly, but also as a fusion polypeptide with a 
5 heterologous polypeptide, which may be a signal sequence or other polypeptide having a specific cleavage site 
at the N-tenninus of the mature protein or polypeptide. In general, the signal sequence may be a component of 
the vector, or it may be a part of the PRO-encoding DNA that is inserted into the vector. The signal sequence 
may be a prokaryotic signal sequence selected, for example, from the group of the alkaline phosphatase, 
penicillinase, lpp, or heat-stable enterotoxin II leaders. For yeast secretion the signal sequence may be. e.g., 

10 the yeast invertase leader, alpha factor leader (including Saccharomyces and Kluyveromyces a-factor leaders, 
the latter described in U.S. Patent No. 5,010. 182), or acid phosphatase leader, the C. albicans glucoamylase 
leader (EP 362, 179 published 4 April 1990), or the signal described in WO 90/13646 published 15 November 
1990. In mammalian cell expression, mammalian signal sequences may be used to direct secretion of the 
protein, such as signal sequences from secreted polypeptides of the same, or related species, as well as viral 

15 secretory leaders. 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to replicate 
in one or more selected host cells. Such sequences are well known for a variety of bacteria, yeast, and viruses. 
The origin of replication from the plasmid P BR322 is suitable for most Gram-negative bacteria, the 2#t plasmid 
origin is suitable for yeast, and various viral origins (SV40. polyoma/adenovirus, VSV or BPV) are useful for 
20 cloning vectors in mammalian cells. 

Expression and cloning vectors will typically contain a selection gene, also termed a selectable marker. 
Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins, e.g. , ampicillin. 
neomycin, methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or (c) supply critical nutrients 
not available from complex media, e.g., the gene encoding D-alanine racemase for Bacilli. 

25 An example of suitable selectable markers for mammalian cells are those that enable the identification 

of cells competent to take up the PRO-encoding nucleic acid, such as DHFR or thymidine kinase An 
appropriate host cell when wild-type DHFR is employed is the CHO cell line deficient in DHFR activity, 
prepared and propagated as described by Urlaubetal., Proc. Natl. Acad gcj USA 77:4216(1980) Asuitable 
selection gene for use in yeast is the trp\ gene present in the yeast plasmid YRp7 [Stinchcomb et al.. Njture. 

30 282:39 (1979); Kingsmanet al., Gene, 7:141 (1979); Tschemper et al., Gene. 10:157 (1980)]. The npl gene 
provides a selection marker for a mutant strain of yeast lacking the ability to grow in tryptophan, for example. 
ATCC No. 44076 or PEP4-1 [Jones, Genetics. 85:12 (1977)]. 

Expression and cloning vectors usually contain a promoter operably linked to the PRO-encoding nucleic 
acid sequence to direct mRNA synthesis. Promoters recognized by a variety of potential host cells are well 

35 known. Promoters suitable for use with prokaryotic hosts include the ^lactamase and lactose promoter systems 
[Chang et al., Nature, 275:615 (1978); Goeddel et al., Nature. 281:544 (1979)], alkaline phosphatase, a 
tryptophan (trp) promoter system [Goeddel, Nucleic Acids Rp« 8 :4057 (1980); EP 36.776], and hybrid 
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promoters such as the tac promoter [deBoer et al., Proc. Nad. Acad. Sci. USA. 80:21-25 (1983)]. Promoters 
for use in bacterial systems also will contain a Shine-Dalgarno (S.D.) sequence operably linked to the DNA 
encoding PRO. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 3- 
phosphoglycerate kinase [Hitzeman et al., J f Biol. Chem. , 255:2073 (1980)] or other glycolytic enzymes [Hess 
5 et al., J, Adv r Enzyme Reg. , 7:149 (1968); Holland, Biochemistry. 17:4900 (1978)], such as enolase. 
glyceraldehyde-3-phosphate dehydrogenase, hexokir^.pyruvatedecarboxylase.p^ 

6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphateisomerase.phosphoglucose 
isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription 
10 controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, isocytochrome C, acid 
phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein, glyceraldehyde-3- 
phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. Suitable vectors and 
promoters for use in yeast expression are further described in EP 73,657. 

PRO transcription from vectors in mammalian host cells is controlled, for example, by promoters 
15 obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2,211,504 published 5 July 
1989), adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a 
retrovirus. hepatitis-B virus and Simian Virus 40 (SV40), from heterologous mammalian promoters, e.g., the 
actin promoter or an immunoglobulin promoter, and from hea.-shock promoters, provided such promoters are 
compatible with the host cell systems. 
20 Transcription of a DNA encoding the PRO by higher eukaryoies may be increased by inserting an 

enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 300 
bp, that act on a promoter to increase its transcription. Many enhancer sequences are now known from 
mammalian genes (globin, elastase. albumin, a-fetoprotein. and insulin). Typically, however, one will use an 
enhancer from a eukaryotic cell virus. Examples include the S V40 enhancer on the late side of the replication 
25 origin (bp 100-270), me cytomegalovirus early promoter enhancer, the polyoma enhancer on the late sideof the 
replication origin, and adenovirus enhancers. The enhancer may be spliced into the vector at a position 5' or 
3' to the PRO coding sequence, but is preferably located at a site 5' from the promoter. 

Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, animal, human, or nucleated 
cells from other multicellular organisms) will also contain sequences necessary for the termination of 
30 transcription and for stabilizing the tnRNA. Such sequences are commonly available from the 5' and 
occasionally 3'. untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylated fragments in the untranslated portion of the mRNA encoding PRO. 

Still other methods, vectors, and host cells suitable for adaptation to the synthesis of PRO in 
recombinant vertebrate cell culture are described in Gething et al.. Nature. 293:620-625 (1981); Mantei et al.. 
Ngtuig, 281:40-46 (1979); EP 117,060; and EP 117,058. 
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Ribozymes are enzymatic RNA molecules capable of catalyzing the specific cleavage of RNA. 
Ribozymes act by sequence-specifichybridization to the complementary target RNA, followed by endonucleolytic 
cleavage. Specific ribozyme cleavage sites within a potential RNA target can be identified by known techniques. 
For further details see, e.g., Rossi, Current Biology. 4:469-471 (1994), and PCT publication No. WO 97/33551 
(published September 18, 1997).' 

Nucleic acid molecules in triple-helix formation used to inhibit transcription should be single-stranded 
and composed of deoxynucleotides. The base composition of these oligonucleotides is designed such that it 
promotes triple-helix formation via Hoogsteen base-pairing rules, which generally require sizeable stretches of 
purines or pyrimidines on one strand of a duplex. For further details see, e.g., PCT publication No. WO 
97/33551, supra. 

These small molecules can be identified by any one or more of the screening assays discussed 
hereinabove and/or by any other screening techniques well known for those skilled in the art. 

PR0189 can be used in assays with W01 A6. 1 of C. Elegans, phosphodiesterases, transporters and 
proteins which bind to fatty acids, to determine the relative activities of PR0189 against these proteins. The 
results can be applied accordingly. 

F. Anti-PRO Antibodies 
The present invention further provides anti-PRO antibodies. Exemplary antibodies include polyclonal, 
monoclonal, humanized, bispecific, and heteroconjugate antibodies. 

1- Polyclonal Antibodies 
The anti-PRO antibodies may comprise polyclonal antibodies. Methods of preparing polyclonal 
antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in a mammal, for example, by ° 
one or more injections of an immunizing agent and, if desired, an adjuvant. Typically, the immunizing agent 
and/or adjuvant will be injected in the mammal by multiple subcutaneous or intraperitoneal injections. The 
immunizing agent may include the PRO polypeptide or a fusion protein thereof. It may be useful to conjugate 
the immunizing agent to a protein known to be immunogenic in the mammal being immunized. Examples of 
such immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum albumin, bovine 
thyroglobulin, and soybean trypsin inhibitor. Examples of adjuvants which may be employed include Freund's 
complete adjuvant and MPL-TDM adjuvant (monophosphoryl Lipid A. synthetic trehalose dicorynomycolate). 
The immunization protocol may be selected by one skilled in the art without undue experimentation. 

2. Monoclonal Antibodies 
The anti-PRO antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be 
prepared using hybridoma methods, such as those described by Kohler and Milstein, Nature. 256:495 (1975). 
In a hybridoma method, a mouse, hamster, or other appropriate host animal, is typically immunized with an 
immunizing agent to elicit lymphocytes that produce or are capable of producing antibodies that will specifically 
bind to the immunizing agent. Alternatively, the lymphocytes may be immunized in vitro. 
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The immunizing agent will typically include the PRO polypeptide or a fusion protein thereof. 
Generally, either peripheral blood lymphocytes ("PBLs") are used if ceUs of human origin are desired, or spleen 
cells or lymph node cells are used if non-human mammalian sources are desired. The lymphocytes are then 
fused with an immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to form a 
hybridoma cell [Goding, Monoclonal Antibodies: P rinciples and Practice Academic Press, (1986) pp. 59-103]. 
Immortalized cell lines are usually transformed mammalian cells, particularly myeloma cells of rodent, bovine 
and human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells may be 
cultured in a suitable culture medium that preferably contains one or more substances that inhibit the growth or 
survival of the unfused, immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine 
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will 
include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which substances prevent the growth of 
HGPRT-deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support stable high level expression of 
antibody by the selected antibody-producing cells, and are sensitive to a medium such as HAT medium. More 
preferred immortalized cell lines are murine myeloma lines, which can be obtained, for instance, from the Salk 
Institute Cell Distribution Center, San Diego, California and the American Type Culture Collection. Manassas, 
Virginia. Human myeloma and mouse-human heteromyeloma cell lines also have been described for the 
productionofhumanmonoclonal antibodies [Kozbor, JJrnmunoL, J33_: 3001 (1984); Brodeuretal., Monoclonal 
Antibody Production Techniques and Applications Marcel Dekker, Inc., New York. (1987) pp. 51-63]. 

The culture medium in which the hybridoma cells are cultured can then be assayed for the presence of 
monoclonal antibodies directed against PRO. Preferably, the binding specificity of monoclonal antibodies 
produced by the hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as 
radioimmunoassay (MA.) or enzyme-linked immunoabsorbem assay (EL1SA). Such techniques and assays are 
known in the art. The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson and Pollard, Anal. Biochem. 107:220 (1980). 

After the desired hybridoma cells are identified, the clones may be subcloned by limiting dilution 
procedures and grown by standard methods [Goding, supraj. Suitable culture media for this purpose include, 
for example. Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. Alternatively, the hybridoma cells 
may be grown in Wvo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the culture 
medium or ascites fluid by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose. hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

The monoclonal antibodies may also be made by recombinant DNA methods, such as those described 
in U.S. Patent No. 4.816.567. DNA encoding the monoclonal antibodies of the invention can be readily isolated 
and sequenced using conventional procedures (e.g.. by using oligonucleotide probes that are capable of binding 
specifically to genes encoding the heavy and light chains of murine antibodies). The hybridoma cells of the 
invention serve as a preferred source of such DNA. Once isolated, the DNA may be placed into expression 
vectors, which are then transfected into host cells such as simian COS cells. Chinese hamster ovary (CHO) cells, 
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or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of monoclonal 
antibodies in the recombinant host cells. The DNA also may be modified, for example, by substituting the 
coding sequence for human heavy and light chain constant domains in place of the homologous murine sequences 
[U.S. Patent No. 4,816,567; Morrison et al., supral or by covalently joining to die immunoglobulin coding 
sequence all or part of the coding sequence for a non-immunoglobulin polypeptide. Such a non-uinBunoglobulin 
5 polypeptide can be substituted for the constant domains of an antibody of the invention, or can be substituted for 
the variable domains of one antigen-combining site of an antibody of the invention to create a chimeric bivalent 
antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well 
known in the art. For example, one method involves recombinant expression of immunoglobulin light chain and 
10 modified heavy chain. The heavy' chain is truncated generally at any point in the Fc region so as to prevent 
heavy chain crosslinking. Alternatively, the relevant cysteine residues are substituted with another amino acid 
residue or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to 
produce fragments thereof, particularly, Fab fragments, can be accomplished using routine techniques known 
15 in the art. 

3. Human and Humanized Antibodies 
The anti-PRO antibodies of the invention may further comprise humanized antibodies or human 
antibodies. Humanized forms of non-human (e.g.. murine) antibodies are chimeric immunoglobulins, 
20 immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab'), or other antigen-binding 
subsequences of antibodies) which contain, minimal sequence derived from non-human immunoglobulin. 
Humanized antibodies include human immunoglobulins (recipient antibody) in which, residues from a 
complementary determining region (CDR) of the recipient are replaced by residues from a CDR of a non-human 
species (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and capacity. In 
) some instances, Fv framework residues of the human immunoglobulin are replaced by corresponding non-human 
residues. Humanized antibodies may also comprise residues which are found neither in the recipient antibody 
nor in the imported CDR or framework sequences. In general, the humanized antibody will comprise 
substantially all of at least one, and typically two, variable domains, in which all or substantially all of the CDR 
regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
those of a human immunoglobulin consensus sequence. The humanized antibody optimally also will comprise 
at least a portion of an immunoglobulin constant region (Fc), typically that of a human immunoglobulin [Jones 
etal.,N^ m :522-525(1986);Riechmannetal., Nature, 332:323-329(1988); andPresta, Curr. On. Struct 
BjoL, 2:593-596 (1992)]. 

Methods for humanizing non-human antibodies are well known in the art. Generally, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. These non- 
human amino acid residues are often referred to as " import "residues , which are rypically taken from an "import" 
variable domain. Humanization can be essentially performed following the method of Winter and co-workers 
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[Jones et al., Mamie, 321:522-525 (1986); Riechmann et al., Nature . 33i:323-327 (1988); Verhoeyen et al., 
Science, 232:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric antibodies (U.S. Patent 
No. 4,816,567), wherein substantially less than an intact human variable domain has been substituted by the 
corresponding sequence from a non-human species. In practice, humanized antibodies are typically human 
antibodies in which some CDR residues and possibly some FR residues are substituted by residues from 
analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art, including phage 
display libraries [Hoogenboom and Winter, J. Mol. Biol.. 222:381 (1991); Marks et al., J. Mol. Biol.. 222:581 
(1991)]. The techniques of Cole et al. and Boerner et al. are also available for the preparation of human 
monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer Therapy. Alan R. Liss. 'p. 77 (1985) and 
Boerner et al., J. frnmunol,, 147111:86-95 (1991)]. Similarly, human antibodies can be made by introducing 
of human immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous immunoglobulin 
genes have been partially or completely inactivated. Upon challenge, human antibody production is observed, 
which closely resembles that seen in humans in all respects, including gene rearrangement, assembly, and 
antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 
5,569,825; 5,625,126; 5,633,425; 5,661,016, and in the following scientific publications: Marks et al., 
Bio/TpchnoloRY lQ. 779-783(1992); Lonberg etal., Narure368. 856-859 (1994); Morrison, Nature 368, 812-13 
(1994); Fishwild etal., Nature Biotechnology j4, 845-51 (1996); Neuberger, Nature Bjojechngjogv id 826 
(1996); Lonberg and Huszar, Intern. Rev. Immunol. j3 65-91 (1995). 

4. Bispecific Antibodies 
Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have binding 
specificities for at least two different antigens. In the present case, one of the binding specificities is for the 
PRO, the other one is for any other antigen, and preferably for a cell-surface protein or receptor or receptor 
subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the recombinant 
production of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light-chain 
pairs, where the two heavy chains have different specificities [Milstein and Cuello, Nature. 305:537-539 (1 983)] . 
Because of the random assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) 
produce a potential mixture of ten different antibody molecules, of which only one has the correct bispecific 
structure. The purification of the correct molecule is usually accomplished by affinity chromatography steps. 
Similar procedures are disclosed in WO 93/08829, published 13 May 1993, and in Traunecker et al., EMBO 
L. 10:3655-3659 (1991). 

Antibody variable domains with the desired binding specificities (antibody-antigen combining sites) can 
be fused to immunoglobulin constant domain sequences. The fusion preferably is with an immunoglobulin 
heavy-chain constant domain, comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to 
have the first heavy-chain constant region (CHI) containing the site necessary for light-chain binding present in 
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protein, or other sequences which alter or improve the function or stability of protein or RNA • 
molecules. 

The targeting event may be a simple insertion of the regulatory sequence, placing the 
gene under the control of the new regulatory sequence, e.g., inserting a new promoter or 
enhancer or both upstream of a gene. Alternatively, the targeting event may be a simple deletion 
of a regulatory element, such as the deletion of a tissue-specific negative regulatory element. 
Alternatively, the targeting event may replace an existing element; for example, a tissue-specific 
enhancer can be replaced by an enhancer that has broader or different cell-type specificity than 
the naturally occurring elements. Here, the naturally occurring sequences are deleted and new 
sequences are added. In all cases, the identification of the targeting event may be facilitated by 
the use of one or more selectable marker genes that are contiguous with the targeting DNA, 
allowing for the selection of cells in which the exogenous DNA has integrated into the host cell 
genome. The identification of the targeting event may also be facilitated by the use of one or 
more marker genes exhibiting the property of negative selection, such that the negatively 
selectable marker is linked to the exogenous DNA, but configured such that the negatively, 
selectable marker flanks the targeting sequence, and such that a correct homologous 
recombination event with sequences in the host cell genome does not result in the stable 
integration of the negatively selectable marker. Markers useful for this purpose include the 
Herpes Simplex Virus thymidine kinase (TK) gene or the bacterial xanthine-guanine 
20 phosphoribosyl-transferase (gpt) gene. 

The gene targeting or gene activation techniques which can be used in accordance with 
this aspect of the invention are more particularly described in U.S. Patent No. 5,272,071 to 
Chappel; U.S. Patent No. 5,578,461 to Sherwin et al.; International Application'^ ' 
PCT/US92/09627 (WO93/09222) by Selden et al.; and International Application No 
PCT/US90/06436 (WO91/06667) by Skoultchi et al., each of which is incorporated by reference 
herein in its entirety. 
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4.6 POLYPEPTIDES OF THE INVENTION 

The isolated polypeptides of the invention include, but are not limited to, a polypeptide 
30 comprising: the amino acid sequences set forth as any one of SEQ ID NO:1787-3572 and 5359- 
7144 or an amino acid sequence encoded by any one of the nucleotide sequences SEQ ID NO:l- 
1 786 and 3573-53 58 or the corresponding full length or mature protein. Polypeptides of the 
invention also include polypeptides preferably with biological or immunological activity that are 
encoded by: (a) a polynucleotide having any one of the nucleotide sequences set forth in SEQ ID 
NO:l-1786 and 3573-5358 or (b) polynucleotides encoding any one of the amino acid sequences 
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set forth as SEQ ID NO:1787-3572 and 5359-7144 or (c) polynucleotides that hybridize to the 

complement of the polynucleotides of either (a) or (b) under stringent hybridization conditions. 

The invention also provides biologically active or immunologically active variants of any of the 

amino acid sequences set forth as SEQ ID NO:1787-3572 and 5359-7144 or the corresponding 

full length or mature protein; and "substantial equivalents" thereof (e.g., with at least about 

65%, at least about 70%, at least about 75%, at least about 80%, at least about 85%, at least 

about 90%, typically at least about 95%, more typically at least about 98%, or most typically at. 

least about 99% amino acid identity) that retain biological activity. Polypeptides encoded by 

allelic variants may have a similar, increased, or decreased activity compared to polypeptides 

comprising SEQ ID NO: 1787-3572 and 5359-7144. 

Fragments of the proteins of the present invention which are capable of exhibiting 
biological activity are also encompassed by the present invention. Fragments of the protein may 
be in linear form or they may be cyciized using known methods, for example, as described in H. 
U. Saragovi, et al., Bio/Technology 10, 773-778 (1992) and in R. S. McDowell, et al., J. Amer. 
Chcm. Soc. 1 14, 9245-9253 (1992), both of which are incorporated herein by reference. Such 
fragments may be fused to carrier molecules such as immunoglobulins for many purposes, 
including increasing the valency of protein binding sites. 

The present invention also provides both full-length and mature forms (for example, 
without a signal sequence or precursor sequence) of the disclosed proteins. The protein coding 
sequence is identified in the sequence listing by translation of the disclosed nucleotide 
sequences. The mature form of such protein may be obtained by expression of a full-length 
polynucleotide in a suitable mammalian cell or other host cell. The sequence of the mature form 
of the protein is also determinable from the amino acid sequence of the full-length form. Where 
proteins of the present invention are membrane bound, soluble forms of the proteins are also 
provided. In such forms, part or all of the regions causing the proteins to be membrane bound 
are deleted so that the proteins are fully secreted from the cell in which they are expressed. 

Protein compositions of the present invention may further comprise an acceptable carrier, 
such as a hydrophilic, e.g. , pharmaceutically acceptable, carrier. 

The present invention further provides isolated polypeptides encoded by the nucleic acid 
fragments of the present invention or by degenerate variants of the nucleic acid fragments of the 
present invention. By "degenerate variant" is intended nucleotide fragments which differ from a 
nucleic acid fragment of the present invention {e.g., an ORF) by nucleotide sequence but, due to 
the degeneracy of the genetic code, encode an identical polypeptide sequence. Preferred nucleic 
acid fragments of the present invention are the ORFs that encode proteins. 
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A variety of methodologies known in the art can be utilized to obtain any one of the 

isolated polypeptides or proteins of the present invention. At the simplest level, the amino acid 
sequence can be synthesized using commercially available peptide synthesizers. The 
synthetically-constructed protein sequences, by virtue of sharing primary, secondary or tertiary 
structural and/or conformational characteristics with proteins may possess biological properties 
in common therewith, including protein activity. This technique is particularly useful in 
producing small peptides and fragments of larger polypeptides. Fragments are useful, for 
example, in generating antibodies against the native polypeptide. Thus, they may be employed 
as biologically active or immunological substitutes for natural, purified proteins in screening of 
therapeutic compounds and in immunological processes for the development of antibodies. 

The polypeptides and proteins of the present invention can alternatively be purified from 
cells which have been altered to express the desired polypeptide or protein. As used herein, a 
cell is said to be altered to express a desired polypeptide or protein when the cell, through genetic 
manipulation, is made to produce a polypeptide or protein which it normally does not produce or 
which the cell normally produces at a lower level. One skilled in the art can readily adapt 
procedures for introducing and expressing either recombinant or synthetic sequences into 
eukaryotic or prokaryotic cells in order to generate a cell which produces one of the polypeptides 
or proteins of the present invention. 

The invention also relates to methods for producing a polypeptide comprising growing a 
culture of host cells of the invention in a suitable culture medium, and purifying the protein from 
the cells or the culture in which the cells are grown. For example,- the methods of the invention 
include a process for producing a polypeptide in which a host cell containing a suitable 
expression vector that includes a polynucleotide of the invention is cultured under conditions that 
allow expression of the encoded polypeptide. The polypeptide can be recovered from the 
culture, conveniently from the culture medium, or from a lysate prepared from the host cells and 
further purified. Preferred embodiments include those in which the protein produced by such 
process is a full length or mature form of the protein. 

In an alternative method, the polypeptide or protein is purified from bacterial cells which 
naturally produce the polypeptide or protein. One skilled in the art can readily follow known 
methods for isolating polypeptides and proteins in order to obtain one of the isolated 
polypeptides or proteins of the present invention. These include, but are not limited to, 
immunochromatography, HPLC, size-exclusion chromatography, ion-exchange chromatography, 
and irruTiuno-affinity chromatography. See, e.g., Scopes, Protein Purification: Principles and 
Practice, Springer-Verlag (1994); Sambrook, et al., in Molecular Cloning: A Laboratory 
Manual; Ausubel et al., Current Protocols in Molecular Biology. Polypeptide fragments that 
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retain biological/immunological activity include fragments comprising greater than about 100 
amino acids, or greater than about 200 amino acids, and fragments that encode specific protein 
domains. 

The purified polypeptides can be used in in vitro binding assays which are well known in 
S the art to identify molecules which bind to the polypeptides. These molecules include but are not 
limited to, for e.g., small molecules, molecules from combinatorial libraries, antibodies or other 
proteins. The molecules identified in the binding assay are then tested for antagonist or agonist 
activity in in vivo tissue culture or animal models that are well known in the art. In brief, the 
molecules are titrated into a plurality of cell cultures or animals and then tested for either 
10 cell/animal death or prolonged survival of the animal/cells. 

In addition, the peptides of the invention or molecules capable of binding to the peptides 
may be complexed with toxins, e.g., ricin or cholera, or with other compounds that are toxic to 
cells. The toxin-binding molecule complex is then targeted to a tumor or other cell by the 
specificity of the binding molecule for SEQ ID NO:1787-3572 and 5359-7144. 
1 5 The protein of the invention may also be expressed as a product of transgenic animals, 

e.g., as a component of the milk of transgenic cows, goats, pigs, or sheep which are characterized 
by somatic or germ cells containing a nucleotide sequence encoding the protein. 

The proteins provided herein also include proteins characterized by amino acid sequences 
similar to those of purified proteins but into which modification are naturally provided or 
10 deliberately engineered. For example, modifications, in the peptide or DNA sequence, can be 
made by those skilled in the art using known techniques. Modifications of interest in the protein 
sequences may include the alteration, substitution, replacement, insertion or deletion of a 
selected amino acid residue in the coding sequence. For example, one or more of the cysteine 
residues may be deleted or replaced with another amino acid to alter the conformation of the 
molecule. Techniques for such alteration, substitution, replacement, insertion or deletion are 
well known to those skilled in the art (see, e.g., U.S. Pat No. 4,518,584). Preferably, such 
alteration, substitution, replacement, insertion or deletion retains the desired activity of the 
protein. Regions of the protein that are important for the protein function can be determined by 
various methods known in the art including the alanine-scanning method which involved 
systematic substitution of single or strings of amino acids with alanine, followed by testing the 
resulting alanine-containing variant for biological activity. This type of analysis determines the 
importance of the substituted amino acid(s) in biological activity. Regions of the protein that are 
important for protein function may be determined by the eMATRIX program. 

Other fragments and derivatives of the sequences of proteins which would be expected to 
retain protein activity in whole or in part and are useful for screening or other immunological 
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methodologies may also be easily made by those skilled in the art given the disclosures herein. 
Such modifications are encompassed by the present invention. 

The protein may also be produced by operably linking the isolated polynucleotide of the 
invention to suitable control sequences in one or more insect expression vectors, and employing 
5 an insect expression system. Materials and methods for baculovirus/insect cell expression 

systems are commercially available in kit form from, e.g., Invitrogen, San Diego, Califs U.S.A. 
(the MaxBat™ kit), and such methods are well known in the art, as described in Summers and 
Smith, Texas Agricultural Experiment Station Bulletin No. 1555 (1.987), incorporated herein by 
reference. As used herein, an insect cell capable of expressing a polynucleotide of the present 
10 invention is "transformed." 

The protein of the invention may be prepared by culturing transformed host cells under 
culture conditions suitable to express the recombinant protein. The resulting expressed protein 
may then be purified from such culture (i.e., from culture medium or cell extracts) using known 
purification processes, such as gel filtration and ion exchange chromatography. The purification 
of the protein may also include an affinity column containing agents which will bind to the 
protein; one or more column steps over such affinity resins as concanavaiin A-agarose, 
heparin-toyopearl™ or Cibacrom blue 3GA Sepharose™; on e or more steps involving 
hydrophobic interaction chromatography using such resins as phenyl ether, butyl ether, or propyl 
ether; or immunoaffinity chromatography. 

Alternatively, the protein of the invention may also be expressed in a form which will 
facilitate purification. For example, it may be expressed as a fusion protein, such as those of 
maltose binding protein (MBP), glutathione-S-transferase (GST) or thioredoxin (TRX), or as a 
His tag. Kits for expression and purification of such fusion proteins are commercially available 
from New England BioLab (Beverly, Mass.), Pharmacia (Piscataway, N.J.) and Invitrogen, 
respectively. The protein can also be tagged with an epitope and subsequently purified by using 
a specific antibody directed to such epitope. One such epitope ("FLAG®") is commercially 
available from Kodak (New Haven, Conn.). 

Finally, one or more reverse-phase high performance liquid chromatography (RP- HPLC) 
steps employing hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other 
aliphatic groups, can be employed to further purify the protein. Some or all of the foregoing 
purification steps, in various combinations, can also be employed to provide a substantially 
homogeneous isolated recombinant protein. The protein thus purified is substantially free of 
other mammalian proteins and is defined in accordance with the present invention as an "isolated 
protein." 
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The polypeptides of the invention include analogs (variants). This embraces fragments, 

as well as peptides in which one or more amino acids has been deleted, inserted, or substituted. 

Also, analogs of the polypeptides of the invention embrace fusions of the polypeptides or 

modifications of the polypeptides of the invention, wherein the polypeptide or analog is fused to 

5 another moiety or moieties, e.g., targeting moiety or another therapeutic agent. Such analogs 

may exhibit improved properties such as activity and/or stability. Examples of moieties which 

may be fused to the polypeptide or an analog include, for example, targeting moieties which 

provide for the delivery of polypeptide to pancreatic cells, e.g., antibodies to pancreatic cells, 

antibodies to immune cells such as T-cells, monocytes, dendritic cells, granulocytes, etc., as well 

10 as receptor and ligands expressed on pancreatic or immune cells. Other moieties which may be 

fused to the polypeptide include therapeutic agents which are used for treatment, for example, 

immunosuppressive drugs such as cyclosporin, SK506, azathioprine, CD3 antibodies and 

steroids. Also, polypeptides may be fused to immune modulators, and other cytokines such as 

alpha or beta interferon. 

15 

4.6.1 DETERMINING POLYPEPTIDE AND POLYNUCLEOTIDE IDENTITY 
AND SIMILARITY 

Preferred identity and/or similarity are designed to give the largest match between the 
sequences tested. Methods to determine identity and similarity are codified in computer 

20 programs including, but are not limited to, the GCG program package, including GAP 

(Devereux, J., et ah, Nucleic Acids Research 12(1):387 (1984); Genetics Computer Group, 
University of Wisconsin, Madison, WT), BLASTP, BLASTN, BLASTX, FASTA (Altschul, S.F. 
et al., J. Molec. Biol. 215:403-410 (1990), PSI-BLAST (Altschul S.F. et al., Nucleic Acids Res. 
vol. 25, pp. 3389-3402, herein incorporated by reference), eMatrix software (Wu et al., J. Comp. 

25 Biol., Vol. 6, pp. 219-235 (1999), herein incorporated by reference), eMotif software (Nevill- 
Manning et al, ISMB-97, Vol. 4, pp. 202-209, herein incorporated by reference), pFam software 
(Sonnhammer et al., Nucleic Acids Res., Vol. 26(1), pp. 320-322 (1998), herein incorporated by 
reference) and the Kyte-Doolittle hydrophobocity prediction algorithm (J. Mol Biol, 157, pp. 
1 05-3 1 (1 982), incorporated herein by reference). The BLAST programs are publicly available 

30 from the National Center for Biotechnology Information (NCBI) and other sources (BLAST 
Manual, Altschul, S., et al. NCB NLM NIH Bethesda, MD 20894; Altschul, S., et al., J. Mol. 
Biol. 215:403-410(1990). 

4.7 CHIMERIC AND FUSION PROTEINS 

The invention also provides chimeric or fusion proteins. As used herein, a "chimeric 
35 protein" or "fusion protein" comprises a polypeptide of the invention operatively linked to 
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Aneuploidy and cancer 

Subrata Sen, PhD 



Numeric aberrations in chromosomes, referred to as aheu- 
ploidy, is commonly observed in human cancer. Whether aneu- 
ploidy is a cause or consequence ol cancer has long been 
debated. Three lines of evidence now make a compelling case 
for aneuploidy being a discrete chromosome mutation event 
that contributes to malignant transformation and progression 
process. First, precise assay of chromosome aneuploidy in 
several primary tumors with in situ hybridization and compara- 
tive genomic hybridization techniques have revealed that 
specific chromosome aneusomies correlate with distinct tumor 
phenotypes. Second, aneuploid tumor cell lines and in vitro 
transformed rodent cells have been reported to display an 
elevated rate of chromosome instability, thereby indicating that 
aneuploidy is a dynamic chromosome mutation event associ- 
ated with transformation of cells. Third, and most important, a 
number of mitotic genes regulating chromosome segregation 
have been found mutated in human cancer cells, implicating 
such mutations in induction of aneuploidy in tumors. Some of 
these gene mutations, possibly allowing unequal segregations 
of chromosomes, also cause tumorigenic transformation of 
cells in vitro. In this review, the recent publications investigat- 
ing aneuploidy in human cancers, rate of chromosome instabil- 
ity in aneuploidy tumor cells, and genes implicated in regulat- 
ing chromosome segregation found mutated in cancer cells 

are discussed. Curr Opin Oncol 2000. 1 2:82-88 © 2000 Lippincott Williams 
& Wilkins. Inc. 
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Cancer research over the past decade has firmly estab- 
lished that malignant cells accumulate a large number of 
genetic mutations that affect differentiation, prolifera- 
tion, and cell death processes. In addition, it is also 
recognized that most cancers arc clonal, although they 
display extensive heterogeneity with respect to kary- 
otypes and phenotypes of individual clonal populations. 
It is estimated that numeric chromosomal imbalance, 
referred to as aneuploidy, is the most prevalent genetic 
change recorded among over 20,000 solid tumors 
analyzed thus far 11]. Phenotypic diversity of the clonal 
populations in individual tumors involve differences in 
morphology, proliferative properties, antigen expression, 
drug sensitivity, and metastatic potentials. It has been 
proposed that an underlying acquired genetic instability 
is responsible for the multiple mutations detected in 
cancer cells that lead to tumor heterogeneity and 
progression [2]. In a somewhat contradictory argument, 
it has also been suggested that clonal expansion due to 
selection of cells undergoing normal rates of mutation 
can explain, malignant transformation and progression 
process in humans [3]. Acquired genetic instability, 
nonetheless, is considered important for more rapid 
progression of the disease [4*»]. Although the original 
hypothesis on genetic instability in cancer primarily 
focused on chromosome imbalances in the form of aneu- 
ploidy in tumor cells, the actual relevance of such muta- 
tions in cancer remains a controversial issue. 

Whether or not aneuploidy contributes to the malignant 
transformation and progression process has long been 
debated. A prevalent idea on genetics of cancer referred 
to as "somatic gene mutation hypothesis" contends that 
gene mutations at the nucleotide level alone can cause 
cancer by either activating cellular proto-oncogenes to 
dominant cancer causing oncogenes and/or by inactivat- 
ing growth inhibitory tumor suppressor genes. In this 
scheme of things chromosomal instability in the form of 
aneuploidy is a mere consequence rather than a cause of 
malignant transformation and progression process. 

In this review, some of the recent observations on the 
subject are discussed and compelling evidence is 
provided to suggest that aneuploidy is a distinct form of 
genetic instability in cancer that frequently correlates 
with specific phenotypes and stages of the disease. 
Furthermore, discrete genetic targets affecting chromo- 
somal stability in cancer cells, recently identified, are 
also discussed. These data provide a new direction 
toward elucidating the molecular mechanisms rcsponsi- 
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b!e for induction of aneuploidy in cancer and may even- 
tually be exploited as novel therapeutic targets in the 
future. 

Genetic alterations in cancer 

Alterations in many genetic loci regulating growth, 
senescence, and apoptosis, identified in tumor cells, 
have led to the current understanding of cancer as a 
genetic disease. The genetic changes identified in 
tumors include: subtle mutations in genes at the 
nucleotide level; chromosomal translocations .leading to 
structural rearrangements in genes; and numeric 
changes in either partial segments of chromosomes or 
whole chromosomes (aneuploidy) causing imbalance in 
gene dosage. 

For the purpose of this review, both segmental and whole 
chromosome imbalances leading to altered DNA dosage 
in cancer cells are included as examples of aneuploidy. 

Incidence of aneuploidy in cancer 

Evidence of aneuploidy involving one or more chromo- 
somes have been commonly reported in human tumors. 
Although these observations were initially made using 
classic cytogenetic techniques late in a tumor's evolu- 
tion and were difficult to correlate with cancer progres- 
sion, more recent studies have reported association of 
specific nonrandom chromosome aneuploidy with 
different biologic properties such as loss of hormone 
dependence and metastatic potential (5]. 

Classic cytogenetic studies performed on tumor cells 
had serious limitations in scope because they were 
applicable only to those cases in which mitotic chromo- 
somes could be obtained. Because of low spontaneous 
rates of cell division in primary tumors, analyses 
depended on cells either derived selectively from 
advanced metastases or those grown in vitro for variable 
periods of time. In both instances, metaphases analyzed 
represented only a subset of primary tumor cell popula- 
tion. Two major advances in cytogenetic analytic tech- 
niques, in situ hybridization (ISH) and comparative 
genomic hybridization (CGH), have allowed better reso- 
lution of chromosomal aberrations in freshly isolated 
tumor cells [6]. ISH analyses with chromosome-specific 
DNA probes, a powerful adjunct to metaphasic analysis, 
allows assessment of chromosomal anomalies within 
tumor cell populations in the contexts of whole nuclear 
architecture and tissue organization. CGH allows 
genome wide screening of chromosomal anomalies 
without the use of specific probes even in the absence 
of prior knowledge of chromosomes involved. Although 
both techniques have certain limitations in terms of 
their resolution power, they nonetheless provide a 
better approximation of chromosomal changes occurring 
among tumors of various histology, grade, and stage 



compared with what was possible with the classic cyto- 
genetic techniques. Genomic ploidy measurements 
have also been performed at the DNA level with flow 
cytometry and cytofluorometric methods. Although 
these assays underestimate chromosome ploidy due to a 
chromosomal gain occasionally masking a chromosomal 
loss in the same cell, several studies using these 
methods have supported the conclusion that DNA 
aneuploidy closely associates with poor prognosis in 
various cancers [7,8]. This discussion of some recent 
examples published on aneuploidy in cancer includes 
discussion of studies dealing with DNA ploidy measure- 
ments as well. Most of these observations are correlative 
without direct proof of specific involvement of genes on 
the respective chromosomes. Identification of putative 
oncogenes and tumor suppressor genes on gained and 
lost chromosomes in aneuploid tumors, however, are 
providing strong evidence that chromosomes involved in 
aneuploidy play a critical role in the tumorigenic 
process. 

In renal tumors, either segmental or whole chromosome 
aneuploidy appears to be uniquely associated with 
specific histologic subtypes [9]. Tumors from patients 
with hereditary papillary renal carcinomas (HPRC) 
commonly show trisomy of chromosome 7, when 
analyzed by CGH. Germline mutations of a putative 
oncogene MET have been detected in patients with 
HPRC. A recent study [10] has demonstrated that an 
extra copy of chromosome 7 results in nonrandom dupli- 
cation of the mutant MET allele in HPRC, thereby 
implicating this trisomy in tumorigencsis. The study 
suggested that mutation of MET may render the cells 
more susceptible to errors in chromosome replication, 
and that clonal expansion of cells harboring duplicated 
chromosome 7 reflects their proliferative advantage. In 
addition to chromosome 7, trisomy of chromosome 17 in 
papillary tumors and also of chromosome 8 in mesoblas- 
tic nephroma are commonly seen. Association of specific 
chromosome imbalances with- benign and malignant 
forms of papillary renal tumors, therefore, not only 
contribute to an understanding of tumor origins and 
evolution, but also implicate aneuploidy of the respec- 
tive chromosomes in the tumorigenic transformation 
process. 

In colorectal tumors, chromosome aneuploidy is a 
common occurrence. In fact, molecular allelotyping 
studies have suggested that limited karyotyping data 
available from these tumors actually underestimate the 
true extent of these changes. Losses of heterozygosity 
reflecting loss of the maternal or paternal allele in 
tumors are widespread and often accompanied by a gain 
of the opposite allele. Therefore, for example, a tumor 
could lose a maternal chromosome while duplicating 
the same paternal chromosome, leaving the tumor cell 
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with a normal karyotype and ploidy but an aberrant 
alleiotype. It has been estimated that cancer of the 
colon, breast, pancreas, or prostate may lose an average 
of 25% of its alleles. It is not unusual to discover that a 
tumor has lost over half of its alleles [4]. In clinical 
settings, DNA ploidy measurements have revealed that 
DNA ancuploidy indicates high risk of developing 
severe premalignant changes in patients with ulcerative 
colitis, who are known to have an increased risk of 
developing colorectal cancer [11]. DNA aneuploidy has 
been found to be one of the useful indicators of lymph 
node metastasis in patients with gastric carcinoma and 
associated with poor outcome compared with diploid 
cases 112,131. CGH analyses of chromosome aneu- 
ploidy, on the other hand, was reported to correlate gain 
of chromosome 20q with high tumor S phase fractions 
and loss of 4q with low tumor apoptotic indices [14]. 
Aneuploidy of chromosome 4 in metastatic colorectal 
cancer has recently been confirmed in studies that used 
unbiased DNA fingerprinting with arbitrarily primed 
polymerase chain reactions to detect moderate gains 
and losses of specific chromosomal DNA sequences 
[15]. The molecular karyotype (amplotype) generated 
from colorectal cancer revealed that moderate gains of 
sequences from chromosomes 8 and 13 occurred in 
most tumors, suggesting that ovcrrepresentation of 
these chromosomal regions is a critical step for metasta- 
tic colorectal cancer. 

In addition to being implicated in tumorigenesis and 
correlated with distinct tumor phenotypes, chromosome 
ancuploidy has been used as a marker of risk assessment 
and prognosis in several other cancers. The potential 
value of aneuploidy as a noninvasive tool to identify 
individuals at high risk of developing head and neck 
cancer appears especially promising. Interphase fluores- 
cence in situ hybridization (FISH) revealed extensive 
ancuploidy in tumors from patients with head and neck 
squamous cell carcinomas (HNSCC) and also in clini- 
cally normal distant oral regions from the same individu- 
als [16,17]. It has been proposed that a panel of chromo- 
some probes in FISH analyses may serve as an 
important tool to detect subclinical tumorigenesis and 
for diagnosis of residual disease. The presence of aneu- 
ploid or tetraploid populations is seen in 90% to 95% of 
esophageal adenocarcinomas, and when seen in 
conjunction with Barrett's esophagus, a premalignant 
condition, predicts progression of disease [18,19]. 
Chromosome ploidy analyses in conjunction with loss of 
heterozygosity and gene mutation studies in Barrett's 
esophagus reflect evolution of neoplastic cell lineages in 
vivo [20]. Evolution of neoplastic progeny from Barrett's 
esophagus following somatic genetic mutations 
frequently involves bifurcations and loss of heterozygos- 
ity at several chromosomal loci leading to aneuploidy 
and cancer. Accordingly, it is hypothesized that during 



tumor cell evolution diploid cell progenitors with 
somatic genetic abnormalities undergo expansion with 
acquired genetic instability. Such instability, often 
manifested in the form of increased incidence of aneu- 
ploidy, enters a phase of clonal evolution beginning in 
premalignant cells that proceeds over a period of time 
and occasionally leads to malignant transformation. The 
clonal evolution continues even after the emergence of 
cancer. 

The significance of DNA and chromosome aneu- 
ploidy in other human cancers continue to be evalu- 
ated. Among papillary thyroid carcinomas, aneuploid 
DNA content in tumor cells was reported to correlate 
with distant metastases, reflecting worsened progno- 
sis [21]. Genome wide screening of follicular thyroid 
tumors by CGH, on the other hand, revealed frequent 
loss of chromosome 22 in widely invasive follicular 
carcinomas [22]. Chromosome copy number gains in 
invasive neoplasm compared with foci of ductal carci- 
noma in situ (DCIS) with similar histology have been 
proposed to indicate involvement of aneuploidy in 
progression of human breast cancer [23]. ISH analyses 
of cervical intraepithelial neoplasia has provided 
suggestive evidence that chromosomes 1, 7 and X 
ancusomy is associated with progression toward cervi- 
cal carcinoma [24]. 

Although the prognostic value of numeric aberrations 
remains a matter of debate in human hematopoietic 
neoplasia, there have been recent studies to suggest that 
the presence of monosomy 7 defines a distinct subgroup 
of acute myeloid leukemia patients [25]. It is interesting 
in this context that therapy-related myelodysplastic 
syndromes have been reported to display monosomy 5 
and 7 karyotypes, reflecting poor prognosis [26]. 

The clinical observations, mentioned previously, are 
supported by in vitro studies in human and rodent cells in 
which aneuploidy is induced at early stages of transforma- 
tion [27,28]. It is even suggested that aneuploidy may 
cause cell immortalization, in some instances, that is a 
critical step prececding transformation. 

Finally, in an interesting study to develop transgenic 
mouse models of human chromosomal diseases, chromo- 
some segment specific duplication and deletions of the 
genome were reported to be constructed in mouse 
embryonic stem cells [29]. Three duplications for a 
portion of mouse chromosome 11 syntenic with human 
chromosome 17 were established in the mouse 
germline. Mice with 1Mb duplication developed corneal 
hyperplasia and thymic tumors. The findings represent 
the first transgenic mouse model of ancuploidy of a 
defined chromosome segment that documents the direct 
role of chromosome aneusomy in tumorigenesis. 
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Aneuploidy as "dynamic cancer-causing 
mutation" instead of a "consequential state" 
in cancer 

According to the hypothesis previously discussed, aneu- 
ploidy represents cither a "gain of function" or "loss of 
function" mutation at the chromosome level with a 
causative influence on the tumorigenesis process. The 
hypothesis, however, is based only on circumstantial 
evidence even though existence of aneuploidy is corre- 
lated with different tumor phenotypes. The existence of 
numeric chromosomal alterations in a tumor does not 
mean that the change arose as a dynamic mutation due 
to genomic instability, because several factors could lead 
to consequential aneuploidy in tumors, also. Although 
aneuploidy as a dynamic mutation due to genomic insta- 
bility in tumor cells would occur at a certain measurable 
rate per cell generation, a consequential state of aneu- 
ploidy in tumors may not occur at a predictable rate 
under similar conditions or in tumors with similar 
phenotypes. In addition to genomic instability, differ- 
ences in environmental factors with selective pressure, 
could explain high incidence of aneuploidy and other 
somatic mutations in tumors compared with normal cells 
[4]. These include humoral, cell substratum, and cell- 
cell interaction differences between tumor and normal 
cell environments. It could be argued that despite 
similar rates of spontaneous aneuploidy induction in 
normal and tumor cells, the latter are selected to prolif- 
erate due to altered selective pressure in the tumor cell 
environment, whereas the normal cells are eliminated 
through activation of apoptosis. Alternatively, of course, 
one could postulate that selective expression or ovcrex- 
prcssion of anti-apoptotic proteins or inactivation of 
proapoptotic proteins in tumor cells may counteract 
default induction of apoptosis in G2/M phase cells 
undergoing misscgregation of chromosomes. Recent 
demonstration of overexpression of a GZ/M phase anti- 
apoptotic protein survivin in cancer cells [30] suggests 
that this protein may favor aberrant progression of aneu- 
ploid transformed cells through mitosis. This would 
then lead to proliferation of aneuploid cell lineages, 
which may undergo clonal evolution. 

To ascertain that aneuploidy is a dynamic mutational 
event, various human tumor cell lines and transformed 
rodent cell lines have been analyzed for the rate of 
aneuploidy induction. When grown under controlled in 
vitro conditions, such conditions ensure that environ- 
mental factors do not influence selective proliferation of 
cells with chromosome instability. In one study, 
Lcngauer et a!. [31 •] provided unequivocal evidence by 
FISH analyses that losses or gains of multiple chromo- 
somes occurred in excess of 10" 2 per chromosome per 
generation in aneuploid colorectal cancer cell lines. The 
study further concluded that such chromosomal instabil- 
ity appeared to be a dominant trait. Using another in 



vitro model system of Chinese hamster embryo (GHE) 
cells, Duesberg et al. [32«] have also obtained similar 
results. With clonal cultures of CHE cells, transformed 
with nongenotoxic chemicals and a mitotic inhibitor, 
these authors demonstrated that the overwhelming 
majority of the transformed colonies contained more 
than 50% aneuploid cells, indicating that aneuploidy 
would have originated from the same cells that under- 
went transformation. All the transformed colonies tested 
were tumorigenic. It was further documented that the 
ploidy factor representing the quotient of the modal 
chromosome number divided by the normal diploid 
number, in each clone, correlated directly with the 
degree of chromosomal instability. Therefore, chromo- 
somal instability was found proportional to the degree of 
aneuploidy in the transformed cells and the authors 
hypothesized that aneuploidy is a unique mechanism of 
simultaneously altering and destabilizing, in a massive 
manner, the normal cellular phenotypes. In the absence 
of any evidence that the transforming chemicals used in 
the study did not induce other somatic mutations, it is 
difficult to rule out the contribution of such mutations 
in the transformation process. These results nonetheless 
make a strong case for aneuploidy being a dynamic chro- 
mosome mutation event intimately associated with 
cancer. 

Aneuploidy versus somatic gene mutation in 
cancer 

The idea that numeric chromosome imbalance or aneu- 
ploidy is a direct cause of cancer was proposed at the 
turn of the century by Theodore Boveri [33]. However, 
the hypothesis was largely ignored over the last several 
decades in favor of the somatic gene mutation hypothe- 
sis, mentioned earlier. Evidence accumulating in the 
literature lately on specific chromosome aneusomies 
recognized in primary tumors, incidence of aneuploidy 
in cells undergoing transformation, and aneuploid tumor 
cells showing a high rate of chromosome instability have 
led to the rejuvenation of Boveri's hypothesis. The 
concept has recently been discussed as a "vintage wine 
in a new bottle" [34*]. The author points out that 
except for rare cancers caused by dominant retroviral 
oncogenes, diploidy does not seem to occur in solid 
tumors, whereas aneuploidy is a rule rather than excep- 
tion in cancer. 

Aneuploidy as an effective mutagenic mechanism 
driving tumor progression,, on the other hand, is being 
recognized as a viable solution to the paradox that with 
known mutation rate in non-germline cells (-10"' per 
gene per. cell generation) tumor cell lineages cannot 
accumulate enough mutant genes during a human life- 
time [35]. The concept is gaining significant credibility 
since genes that potentially affect chromosome segrega- 
tion were found mutated in human cancer. Some of 
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these genes have also been shown to have transforming 
capability in in vitro assays. Selected recent publications 
describing the findings are being discussed below in 
reference to the mitotic targets potentially involved in 
inducing chromosome segregation anomalies in cells. 

Potential mitotic targets and molecular 
mechanisms of aneuploidy 

Because aneuploidy represents numeric imbalance in 
chromosomes, it is reasonable to expect that aneuploidy 
arises due to missegregation of chromosomes during cell 
division. There are many potential mitotic targets, 
which could cause unequal segregation of chromosomes 
(Fig. 1). Recent investigations have identified several 
genes involved in regulating these mitotic targets and 
mitotic checkpoint functions, which can be implicated 
in induction of aneuploidy in tumor cells. This discus- 
sion is restricted to those mitotic targets and checkpoint 
genes whose abnormal functioning has been observed in 
cancer or has been shown to cause tumorigenic transfor- 
mation of cells, in recent years. The role of telomeres is 
discussed elsewhere in this issue. For a more detailed 
description of the components of mitotic machinery and 
their possible involvement in causing chromosome 
segregation abnormalities in tumor cells, readers may 
refer to a recently published review [36*1. 

Among, the mitotic targets implicated in cancer, ccntror 
some defects have been observed in a wide variety of 
malignant human tumors. Centrosomes play a central role 
in organizing the microtubule network in interphase cells 
and mitotic spindle during cell division. Multipolar 
mitotic spindles have been observed in human cancers in 
situ and abnormalities in the form of supernumerary 



Figure 1. Potential mitotic targets causing aneuploidy in 
oncogenesis 
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Diagram illustrates that defects in several processes involving chromosomal, 
eptndto microtubule, and centrosoroal targets, in addition to abnormal cytokine- 
sis, may cause unequal partitioning of chromosomes during mitosis, leading to 
aneuploidy. Recently obtained evidence in favor of some of these possibilities is 
discussed in the text. 



centrosomes, centrosomes of aberrant size and shape as 
well as aberrant phosphorylation of ccntrosomc proteins 
have been reported in prostate, colon, brain, and breast 
tumors [37,38]. In view of the findings that abnormal 
centrosomes retain the ability to nucleate microtubules in 
vitro, it is conceivable that cells with abnormal centro- 
somes may missegrcgate chromosomes producing aneu- 
ploid cells. The molecular and genetic bases of abnormal 
centrosome generation and the precise pathway through 
which they regulate the chromosome segregation process 
remain to be elucidated. Recent discovery of a centro- 
some-associated kinase STK15/BTAK/aurora2, naturally 
amplified and overexpressed in human cancers, has raised 
the interesting possibility that aberrant expression of this 
kinase is critically involved in abnormal centrosome func- 
tion and unequal chromosome segregation in tumor cells 
[39,40]. Exogenous expression of the kinase in rodent and 
human cells was found to correlate with an abnormal 
number of centrosomes, unequal partitioning of chromo- 
somes during division, and tumorigenic transformation of 
cells. It is relevant in this context to mention that the 
Xenopus homologuc of human STK 15/BTA K/au rora2 
kinase has recently been shown to phosphorylate a micro- 
tubule motor protein XlEg5, the human orthologuc of 
which is known to participate in the' centrosome separar 
tion during mitosis [41]. Findings on STK15/aurora2 
kinase, thus, provide an interesting lead to a possible 
molecular mechanism of centrosome's role in oncogene- 
sis. Centrosomes have, of late, been implicated in onco- 
genesis from studies revealing supernumerary centro- 
somes in />53-deficient fibroblasts and overexpression of 
another centrosome kinase PLK1 being detected in 
human non-small cell lung cancer [42]. 

One of the critical events that ensures equal partition- 
ing of the chromosomes during mitosis is the proper 
and timely separation of sister chromatids that are 
attached to each other and to the mitotic spindle. 
Untimely separation of sister chromatids has been 
suspected as a cause of aneuploidy in human tumors. 
Cohesion between sister chromatids is established 
during replication of chromosomes and is retained until 
the next meiaphase/anaphasc transition. It has been 
shown that during metaphase-anaphase transition, the 
anaphase promoting complex/cyclosomc triggers the 
degradation of a group of proteins called securins that 
inhibit sister chromatid separation. A vertebrate securiri 
(v-securin) has recently been identified that inhibits 
sister chromatid separation and is involved in transfor- 
mation and tumorigenesis. Subsequent analysis 
revealed that the human securin is identical to the 
product of the gene called pituitary tumor transforming 
gene, which is overexpressed in some tumors and 
exhibits transforming activity in NIH3T3 cells. It is 
proposed that elevated expression of the v-sccurin may 
contribute to generation of malignant tumors due to 
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chromosome gain or loss produced by errors in chro- 
matid separation [43»]. 

Normal progression through mitosis during prophase to 
anaphase transition is monitored at least at two check- 
points. One checkpoint operates during early prophase 
at G2 to metaphase progression while the second 
ensures proper segregation of chromosomes during 
metaphase to anaphase transition. Several mitotic 
checkpoint genes responding to mitotic spindle defects 
have been identified in yeast. The metaphase-anaphase 
transition is delayed following activation of this check- 
point during which kinetochores remain unattached to 
the spindle. The signal is transmitted through a kineto- 
chore protein complex consisting of Mpslp and several 
Mad and Bub proteins [44]. It is expected that for 
unequal chromosome segregation to be perpetuated 
through cell proliferation cycles giving rise to aneu- 
ploidy, checkpoint controls have to be abrogated. 

Following this logic, Vogelstein etal. [45»] hypothesized 
that aneuploid tumors would reveal mutation in mitotic 
spindle checkpoint genes. Subsequent studies by these 
investigators have proven the validity of this hypothesis 
and a small fraction of human colorectal cancers have 
revealed the presence of mutations in either hBubl or 
hBubRl checkpoint genes. It was further revealed that 
mutant BUB1 could function in a dominant negative 
manner conferring an abnormal spindle checkpoint 
when expressed cxogenously. Inactivation of spindle 
checkpoint function in virally induced leukemia has also 
recently been documented following the finding that 
hMADl checkpoint protein is targeted by the Tax 
protein of the human T-cell leukemia virus type 1. 
Abrogation of hMADl function leads to multinuclcation 
and aneuploidy [46]. 

In addition to mitotic spindle checkpoint defects, failed 
DNA damage checkpoint function in yeast is frequently 
associated with aberrant chromosome segregation as 
well. It, therefore, appears intriguing yet relevant that 
the human B RCA 1 gene, proposed to be involved in 
DNA damage checkpoint function, when mutated by a 
targeted deletion of exon 1 1 led to defective G2/M cell 
cycle checkpoint function and genetic instability in 
mouse embryonic fibroblasts [47]. The cells revealed 
multiple functional ccntrosomcs and unequal chromo- 
some segregation and aneuploidy. Although the molecu- 
lar basis for these abnormalities is not known at this 
time, it raises the interesting possibility that such an 
aneuploidy-drivcn mechanism may be involved in 
tumorigenesis in individuals carrying germline muta- 
tions of BRCA1 gene. 



Conclusion 

Growing evidence from human tumor cytogenetic inves- 
tigations strongly suggest that aneuploidy is associated 
with the development of tumor phenotypes. Clinical 
findings of correlation between aneuploidy and tumori- 
genesis are supported by studies with in vitro grown 
transformed cell lines. Molecular genetic analyses of 
tumor cells provide credible evidence that mutations in 
genes controlling chromosome segregation during 
mitosis play a critical role in causing chromosome insta- 
bility leading to aneuploidy in cancer. Further elucida- 
tion of molecular and physiologic bases of chromosome 
- instability and aneuploidy induction could lead to the 
development of new therapeutic approaches for 
common forms of caricer. 
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An iuci cased Irigu-mobility group A2 expression level is associated with 
maliguant pheuotype in pancreatic exocrine tissue. 

AbeN, Wataiiabe T, Suzulci Y . Matsumoto N . Masaki T . Mori T . Sugiyama M 
Chiappctta G . Fusco A , Atonii Y . 

First Department of Surgery, Kyorin University School of Medicine, 6-20-2, Shinkawa 
Mttaka, Tokyo 181-861 1, Japan, abenbtg@kyorin-u.ac.jp 

The altered form of the high-mobility group A2 (HMGA2) gene is somehow related to 
the generation of human benign and malignant rumours of mesenchymal origin 
However, only a few data on the expression of HMGA2 in malignant tumour originating 
from epithelial tissue are available. In this study, we examined the HMGA2 expression 
level tn pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expression level are associated with a malignant phenorype in pancreatic tissue. High- 
mobility group A2 mRNA'and protein expression was determined in eight surgically 
resected specimens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chronic pancreatitis tissue) and 27 pancreatic carcinomas by highly sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
immunohistochemical staining, respectively. Reverse transcriptase-polymerase chain 
reaction analysis revealed the expression of the HMGA2 gene in non-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcinoma. Immunohistochemical analysis indicated that the presence of the HMGA2 
gene in non-neoplastic pancreatic tissue observed in RT-PCR reflects its abundant 
expression in islet cells, together with its focal expression in duct epithelial cells. Intense 
and multifocal or diffuse HMGA2 immunoreactivity was noted in all the pancreatic 
carcinoma examined, A strong correlation between HMGA2 overexpression and the 
diagnosis of carcinoma was statistically verified. Based on these findings, we propose 
that an increased expression level of the HMGA2 protein is closely associated with the 
malignant phenotype in the pancreatic exocrine system, and accordingly, HMGA2 could 
seive as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-ncoplastic pancreatic exocrine cells. 
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extracts. If these minor cell proteins differ among cells to the same extent as the 
more abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in eel) morphologyand behavior. 
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A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a genera) feature of cell specialization — different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently dislinc : 
tive character, t hese features reflect the persistent expression of different sets of 
genes. 
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Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in'principlc he regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), 12) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mfiNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), |1) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(translalional control), (!>) selectively destabilizing certain niltNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 
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Summary 

The. many types of cells in animals ami plants are crealeil largely through mecha- 
nisms that cause different genes to be transcribed in ilifferent cells. Since many spe- 
cialized tiniimd cells can maintain their uniipie character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once eslnb- 
lished.and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procnryoles anil yeasts provide unusually accessible model 
systems in which lo study gene regulatory mechanisms, some of which may be rel- 
evant lo the creation of specialized cell types in higher encaryotes. One such mecha- 
nism involves a competitive interaction between turn tor more) gene regulatory pro- 
teins, each o] which inhibits the synthesis of the other; this can create a flip-flop 
switch that sivilcbes a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins lo 
perpelniUe iheir own synthesis, provide a general mechanism for cell memory. 

In encaryotes gene transcription is generally controlled by combinations of gene 
regnlolory proteins. II is thought that each type of cell in n higher eucinyolic organism 
contains n specific cnnibinalion of gene regulatory proteins that ensures the expres- 
sion ofimly those genes appropriate lo thai type of cell. A given geae regulatory pro- 
tein may lie expresseil in a variety of eireiinislam-.es and typically is involved in the 
regulation of ninny genes. 

la addition lo iliffnsible gene regulatory proteins, inherited stales of chromatin 
condensation are also utilized by eiicaryolic cells lo regulate gene expression. In ver- 
tebrates DNA mclliylulron also plays a purl, mainly as a device lo reinjorce decisions 
{d>onl gene expression llml are made initially by other mechanisms. 



Although controls on ilu: inilinlinn i>! gene transcription arc the predominant 
form of regulation lor'mosi genes, oilier controls ran aci Inter in t he pathway 
from UNA lo' pi oii-iii lo modulate i ho amount of gene product thai is made. Al- 
though these posllran.scriplional controls, which operate alter UNA polynieiase 
has hound lo ihe gene's promoter and begun UNA synthesis, are less common 
than iiiniscriplnmal control, lor many genes I hey :>ic crucial. It seems that eveiy 
step in gene expression thai could he controlled in principle is likely lo he regit- 
la led under some circumstances lor some genes: 

We consider die vaiieiic.s ol post I innscripi ion.il regulation in temporal or- 
dei. aceuiding to die se<|uence ol events dial migln he expoi ienced by an UNA 
molecule after its transcription has begun ll-igure r .)-~2). 
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FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic. instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and liny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment — most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell lakes in reading oul a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence — a gene — inio an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still wrinen in essentially the same language as ii is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiest'er bonds (Figure 6-<l). It differs from 
DNA chemically in two respects: 0) the nucleotides in RNA are 
ribonucleotides — thai is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains ihe 
bases adenine (A), guanine IG), and cylosine (C), it contains. the base uracil IU) 
instead of the thymine (T) in DNA. Since U, likeT, can base-pair by hydrogen- 
bonding with A (Figure 6-5). the complementary base-pairing properties 
described for DNA in Chapters -I and 5 apply also to RNA (in RNA, G paiis with 
C, and A pairs with U). Ii is not uncommon, however, to find other types ol base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, ihe ability lo fold inio com- 
plex three-dimensional shapes allows some RNA molecules lo have Mniclutal 
and catalytic functions. 



Figure 6—3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process thai h.is cer- 
tain similarities to ihe process of DNA replication discussed in Chapter 5. 
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lire 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chnpler 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene 1'ioni being expressed is to 
block the very first step — the transcription of its UNA seijuenee into an UNA 
molecule. 



Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted 



Summary 

77ie translation of the nucleotide sequence of an tnliNA molecule into protein takes 
place in the cytoplasm on a large ribonncleoprotein assembly culled a ribosome. Jlie 
amino acids used for protein synthesis tire first attached to a family of lRNA 
tnolecnlt's. each of which recognizes, by complementary base- pair internclitrns, par- 
ticular sets of three nucleotides in the mRNA Icodons). I he sapience of nucleotides in 
the mRNA is then read from one entl to the other in sets of three accoriling to the 
genetic code. 

To initiate translation, a small ribosomal snbnnit binils to the inllNA molecule 
at a start coilon IAUG) that is recognized by a unique initiator tttNA molecule. A 
large ribosumal snbnnit binils to complete the ribosome anil begin the elongation 
phase of protein synthesis. Din ing this phase, aminoatyl tllNAs — each bearing a 
specific amino acid bind sequentially to the appropriate cation in mllNA by forming 
complementary base pairs tt/ith the lRNA anticotlon. I:ach timino aciil is added to the 
Clerminal entl of the growing polypeptide by means of a tycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotk gene'expressibn can be 
controlled. Controls that operate at 
steps - 1 through 5 are discussed in this 
chapter. Step 6, the regulation of protein 
activity, includes reversible activation or 
inactivation by protein phosphorylation ' 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell lypes of an organism depend on the partic- 
ular genes that ihe cells express, al what level is Ihe control of gene expression 
exercised? As we saw in the last chapter, there are many steps in ihe pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
3 cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mKNAs in ihe cell nucleus arc exported to the cylosol 
and determining where in the cylosol they are localized (RNA transport and 
localization control), (4) 'selecting which mftNAs in the cytoplasm are translated 
by ribosomes (translation.-.) control), (5) selectively destabilizing certain mliNA 
molecules in Ihe cytoplasm. (mRNA degradation control), or (6) selectively acti- 
vating,, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (I'igure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in I'igure 7-5. only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In Ihe following sections 'we discuss ihe DNA anil protein components 
•hat perform this function by regulating ihe initiation of gene transcription. We 
•hall return at the end (if the chapter to ihe additional ways of regulating gene 
expression. 



summary 

The genome of a cell contains in its DNA sequence ihe information to make many 
:!:ousnnds of different protein nnii UNA molecules. A cell typically expresses only a 
jraciion of its genes, anil the tlifferent types oj cells in multicellular organisms arise 
• •■-.cause tlifferent sets of genes are e.ypresse/1. Moreover, cells can change the pattern 
■■•! genes they express in response to changes in their environment, such as signals 
'•ran other cells. Although all of the steps involved in expressing a gene can in prin- 
::pie be regulated, for most genes Ihe initiation of UNA transcription is the most 
i:!:porlnnt point of control. 



'low tloes a cell determine which of its. thousands of genes to transcribe''' As 
'i-riilioned briefly 'in Chapters -I and t>. the nansoipiion of each gene is con- 
'■•'led by a regulatory region of DNA relatively neat ihe site where nanso ipiion 
I. juis. .Some regulaloiy regions ate simple anil act as switches that are ihiown 
'•• single signal. Many otheis are complex and act as liny microprocessors, 
'■■• ponding to a variety of signals that ilu-v iinei piet and integrate to switch ihe 
"• :;;hboiing gene on oi off. Whether complex or simple, these switching-device* 
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Selective apoptosis of natural killer-cell tumours by l-asparaginase. 

Ando M , Sugimoto IC , Kitoh T , Sasaki M , Mukai K , Ando J , Egashira M , Schuster 
SM , Oshimi K . 

Department of Haematology, Junteado University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-cell 
tumour cell lines and samples, which are generally resistant to chemotherapy, using flow 
. cytometric terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end- 
labelling (TUNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti-tumour agents, l-asparaginase induced apoptosis in these two NK-cell lines. NK-cell 
leukaemia/lymphoma and acute lymphoblastic leukaemia (ALL) samples, were 
selectively sensitive to l-asparaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NFC-cell disorder with an indolent clinical course, were . 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
. disorders and ALL according to the sensitivity to DXR and l-asparaginase. We examined - 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and immunostaining in these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression, in vitro sensitivity 
and clinical response to l-asparaginase. In aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both mRNA and protein levels, l- 
asparaginase induced considerable apoptosis. Furthermore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase mRNA 
level (RQ'-PCR) and in vitrol-asparaginase sensitivity (TUNEL assay). We confirmed 
rather specific anti-tumour activity of I-asparaginase against NK-cell tumours in vitro, 
which provides an experimental background to the clinical use of l-asparaginase for NK- 
cell rumours. 
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Human thyroid carcinoma cell lines and normal thyrocytes: expression 
and regulation of matrix metalloproteinase-1 and tissue matrix 
metalloproteinase inhibitor-1 messenger-RNA and protein. 

; Aust G, Hofmann A. Laue S. RosfA. Kohler T, Scherbaum WA . 

Institut of Anatomy, University of Leipzig, Germany. 

Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 
(TIMP-1) play an important role in remodeling the extracellular matrix in normal and 
pathological processes. The effect of phorbol-myristate acetate (PMA), interleukin-1 (1L- 
1), and hirrior necrosis factor-alpha (TNF-alpha) on MMP-1 and TIMP-1 expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(mRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supernatants were assayed 
for free and/or complexed MMP-1 and TIMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit: <2 ng/mL). MMP-1 and TIMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP-1 mRNA levels of up to 10(6) times 
those of the other cells analyzed. PMA and 1L-1 increased MMP-1 mRNA in most cell 
types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C 
whereas only slight effects were shown after IL- 1 stimulation. MMP-1 protein was- ' 
undetectable in normal thyrocyte cultures, but was secreted spontaneously by all cell 
lines ([ng/mL]; C 643: 1 5+/-7; HTh 74: 81+/-I; SW 1736: 13+/-2; 8505 C: 2097+/-320). 
There was a strong correlation between levels of MMP-1 mRNA and protein (r = 0.99, p 
< .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. 
Fibroblasts ([ng/mL] 517+/-55) and the cell lines (C 643: 142+/-48- HTh 74- 1 15+A13- 
SW 1736: 202+/-14; 8505C: 120+/-19) secreted TIMP-1 in unstimulated cultures, ' 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA ' 
treatment. IL-1 upregulated TIMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 
643 cells. Our data suggest that in contrast to normal thyrocytes, dedifferentiated thyroid 
carcinoma cell lines are potential producers of MMP-1 as well as TIMP-1 . High MMP-1 
or' MMP-1 /TIMP-1 expression may play a role in tissue invasion Of undifferentiated 
thyroid cancer cells. 

PM1D: 9349574 [PubMed - indexed for MEDLINE] 



Thyroid 



Volume 7 Number 5 October 1997 



CLINICAL RESEARCH 

Levothyroxine Suppressive Therapy is Partially Effective in Treating Patients with Benign,. 

Solid Thyroid Nodules and Multinodular. Goiters. 

N1COLAU LIMA, MEYER KNOBEL, HUMBERTO CAVALIERE, 

CLAUDIA SZTEJNSZNAjD, EDUARDO TOMIMORI, and 

GERALDO MEDEIROS-NETO 691. 

Is Percutaneous Ethahol Injection a Useful Alternative for the Treatment of the Cold 
Benign Thyroid Nodule? Five Years' Experience. 

NADIA CARACCIO, ORLANDO GOLETTI, PIERO V1NCENZO L1PPOL1S, 

ARTURO CASOLARO, ENRICO CAVINA, PAOLO M1CCOLI, and FABIO MONZAN1 699 

Value of Combined Technetium- 99m Hydroxy Methylene Diphos'phonate and 

Thallium-201 Imaging in Detecting. Bone Metastases from Thyroid Carcinoma. 

MD. SAYEEDUL ALAM, RYO TAKEUCHI, KANJI KASAGI, TAKASHI MISAKI, 

SHIN1CHI MIYAMOTO, YASUH1RO 11DA, AK1NARI HIDAKA, and JUNJI KONISHI 705 

Human Thyroid Carcinoma Cell Lines and Normal Thyrocytes: Expression arid Regulation, 
of Matrix Metalloproteinase-l and- Tissue Matrix Meralloproteinase Inhibitor-] Messenger- 
RNA and Protein.' 

G. AUST, A. HOFMANN, S. LAUE, A. ROST, T. KOHLER, and Wj\. SCHERBAUM 713 

MUC1 Mucin Gene, Transcripts, and Protein in Adenomas and Papillary Carcinomas of 
the Thyroid. 

IVAN BlfeCHE, EMMANUEL RUFFET, ALAIN ZWEIBAUM, FRANCQ1SE V1LDE, 
ROSETTE LIDEREAU, and BRIGITTE FRANC 725 

Incidence and Clinical Characteristics of Thyroid Carcinoma After Iodine Prophylaxis in 
ah Endemic Goiter Country. 

C. BACHER-ST1ER, G. R1CCABONA, M. TOTSCH, G. KEMMLER, W. OBERA1GNER, 

and R. MONCAYO 733 

Opposite Changes in Serum Soluble CD8 in Patients at the Active Stages of Graves' and 
Hashimoto's Diseases. 

MIKIO WATANABE, NOBUYUK1 AMINO, KAZUNOR1 HOCHITO, 

K1YOSH1 WATANABE, KANJI KUMA, and YOSHINOR1 IWATAN1 743 

Urinary Iodine Excretion During Normal Pregnancy in Healthy Women Living in the 
Southwest of France: Correlation with Maternal Thyroid Parameters. 
PHILIPPE CARON, MADELEINE HOFF, SAMUEL BAZZI, ALAIN DUFOR, 
GERARD FAURE, 1MAD GHANDOUR, PATRICK LAUZU, YVAN LUCAS, 
DOMINIQUE MARAVAL, FREDERIC MIGNOT, PASCAL RESSIGEAC, 

FRANCOISE VERTONGEN, and VERON1QUE GRANGE 749 



{continued) 



THYROID 

Volume 7, Number 5, 1997 
Mary Ann Liebert, InC; 



Human Thyroid Carcinoma Cell Lines and Normal 
Thyrocytes: Expression and Regulation of Matrix 
Metalloproteinase- 1 and Tissue Matrix Metalloproteinase 
Inhibitor-1 Messenger-RNA and Protein 

G. AUST,» A. HGFMANN, 2 S. LAUE, 2 A. ROST/ T. KOHLER, 3 and W.A. SCHERBAUM* 



ABSTRACT 

Matrix metalloproteinase-1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 (TlMP-1) play an impor- 
tant role m rfcmodelmg the extracellular matrix in normal and pathological processes. The effea of phorbol-myris- 
tate acetate (PMA), mterleukin-1 (IL-1), and tumor necrosis factor-a (TNF-tr) on MMP-1 and TIMP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74 SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels were monitored by 
competitive semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours Culture 
supernatant* were assayed for free and/or complexed MMP-1 and TlMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (EL1SA) systems (detection limit: <2 ng/mL). MMP-1 and TiMP-1 mRNA were present in 

f ^KT^f 5 ' f ? U8b ,hyr ° CyteS sboWed MMP - 1 mRNA ,evek near the detection limit. 8505 C expressed MMP- 
1 mRNA levels of up to 10 6 times those of the other cells analyzed. PMA and DL-1 increased MMP-1 mRNA in 
most cell types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C, whereas only 
slight effects were shown after IL-1 stimulation. MMP-1 protein was undetectable in normal thyrocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 ± 1; SW 1736: 13 ± 2; 

8505 «™ 2 ° 97 ~ 320) ' TherC W3S 3 Str ° ng corre,ahon between levels of MMP-1 mRNA and protein (r= 0.9SV 
p < .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. Fibroblasts ([ng/mL] 517 ± 

SLp ? <C 643: 142 " 48; ?4: 115 * 13: ^ 1736: 202 ± U ' 85 °5 C: 120 2: 19) secreted 

IIMJM in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TlMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 643 cells. Our data 
suggest that m contrast to normal thyrocytes, dedifferentiated thyroid carcinoma cell lines are potential produc- 
ers of MMP-1 as well as TIMP-1. High MMP-1 or MMP-l/TIMP-1 expression may play a role in tissue inva- 
sion ol undifferentiated thyroid cancer cells. 

INTRODUCTION suppressed on external stimulation, ie, with cytokines, 

Mphorbol 12-myristate 13-acetate (PMA), lipopolysaccaride ■ 

ATKrx metalloprott^ases, (MMPs) constitute a (LPS), or retinoic acid (2,3). After secretion at post-txan- 

lam. y ol structura ly related proteolytic enzymes re- scriptional level, latent MMP proenzymes are regulated by 

spons.ole Jor the proteolyuc degradation of extracellular proteolytic activation and interaction with tissue inhibitors 

matrix (tUvi) components. They are important partici- of matrix metalloproteinase (TIMPs), their specific irt- 

pants in normal t.ssue remodel.ng and contribute to the hibitors. Any imbalance between the proteolytic MMPs ac- 

pfenorype ol several pathological cond.tions that are as^ tivities and the TIMPs that could be influenced and caused 

soc.ated with progressive ECM degradation. MMPs are by cytokines could potentially lead to pathological condi- 

highly regulated at d.fferent levels (]). At the transcrip- tions (4). 

t.onal level, MMP expression can be directly induced or MMP-1, although known as an interstitial collageriase, 
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is the only enzyme active at neutral pH that can degrade 
extracellular fibers comprised of collagen types I, II and 
III. With this initial step, MMP-1 provides the cleavage 
products to other collagenase types (5). The major specific 
inhibitor of MMP-1 is TIMP-1, a 28.5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth factors have been shown 
to regulate the expression of both MMP-1 and TIMP-1 
(1,7,8). 

Although the participation of MMP-1 as the initial col- 
lagenase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg-: 
ulation of this enzyme in different thyroid rumors. Few stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistochemistry (13—16). Fur- 
thermore, tissue remodeling includes both the action of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (17,1 8). It is still un- 
known whether or not thyrocytes are able to express MMPs 
and TIMPs. Although type IV collagenases (MMP-2 and 
MMP-9) were detected in various human epithelial cells of 
different tissue origin (19,20), only one study described the 
secretion of MMP-1 by epithelial cells (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this study to investigate 
the involvement of these cells in MMP-1 and TIMP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TIMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and ELISA measurement re- 
spectively. ' 

In unstimulated carcinoma cell lines both MMP-1 and 
TIMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions for the stimulation of the different cell 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TIMP-1, even after stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid-derived cells, and 
cell lines 

Thyrocytes were prepared from surgical thyroid speci- 
mens from 3 patients (1 Graves' disease, 2 nontoxic goi- 
ter; mean age 54.3 ± 5.0 years). Fibroblasts were separated 
from thyro.d t.ssue of 5 other patients (3 Graves' disease 
2 nontoxic goiter; mean age 43.6 i 6;.4 years). Graves' dis- 
ease and nontoxic goiter were diagnosed on the strength 
of clinical, biochemical, and immunologic features as well 
as thyroid scintiscans. 

Thyroid tissue was trimmed of fat and connective tissue 
immed.ately after surgery. Thyroidrderived cells were en- 
riched after gradual enzymatic digestion of tissue and cul- 
tured over a period of 16 hours as described. Thyrocytes 
were obtained from the adherent fraction by incubating 
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the cell monolayer with phosphate buffered saline (PBS) 
without Ca 2 ~/Mg 2+ for 45 minutes (22). Residual fibro- 
blasts were removed after subsequent incubation of the 
cells with the fibroblast-specific mab FibASOl (22> and 
goat-anti-mpuse IgG-DYNABEADS® M450 (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol.. 

Thyroid-derived fibroblasts were obtained after cidturing 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium (DMEM) with 10% fetal calf serum (FCS) 
and harvested in the 5th to 7th passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Bectori 
Dickinson GmbH, Heidelberg, Germany) as described (22)1 
The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23)- 
SW 1 736 (23); and HTh 74 (24). The cell line 8505 C (25) 
was purchased from the German Collection of Microor- 
ganisms and Animal Cell Cultures (DSM ACC219). This 
cell line was established from a primary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was partially composed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcinoma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic carcinoma were 
papillary (26)J . 

In vitro cultures 

Using 24-weII plates, 1 X 10* cells were cultured for 24 
hours. The medium was aspirated and replaced with 500 
ML OPT1-MEM (G1BCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 arid 
TIMP-1 production by FCS. The medium contained the 
desired concentration of human IL-lo (10 U/ml; Pepro 
Tech EC Ltd., London, UK), TNF-o (100 U/mL,- Pepro 
Tech EC Ltd.), interferon-? (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 10 ng/mL PMA (SIGMA). 

Triplicate cultures of each stimulator were analyzed af- 
ter 3, 6, and 24 hours at the mRNA and afrer 24 and 48 
hours at the protein level. The supernatant* were removed 
and stored at -80°C for further use. First. a collagenolyric 
assay based on the digestion of type I collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP : 1 eruyme in the cell culture supernatanrs of un- 
stimulated and 1L-1 a stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method' does 
not allow quantitation of MMP-1 enzyme activity. Thus, 
the cell culture supernatanrs were assayed for MMP-I, 
TIMP-1, and MMP1/T1MP-1 complex by ELISA (Amer- 
sham Life Sciences, Braunschweig, Germany). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-1, ie, free MMP-1 and MMP-1 complexcd with in- 
hibitors such as TIMP-1. It did not detect MMP-1 bound 
by the nonspecific protease inhibitor a 2 -macrog!obuIin. 
The MMP-l/TIMP-1 assay (sensitivity: 1.5 ng/mL) de- 
tected MMP-J/TJMP-1 complex, ie, activated MMP-1 that 
has been subsequently complexcd with the specific MMP- 
1 inhibitor TLMP-1. h did not detect free active MMP-1, 
free TIMP-1, or pro-MMP-1. There was no cross-reactiv- 
ity with active MMP-1 bound by the nonspecific protease 
inhibitor Q 2 macroglobulin. The TIMP-1 assay (sensitivity: 



MMP-1 AND TIMP-'l 

1.25 ng/mL) detected total human TIMP-1, ie, free TIMP- 
1 and that complexed with MMPs. The assay did fully 
cross-react with TIMP-1 in complexes with other MMP. 
It did not cross-react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene expression studies, 5 mL RNAzol™ B (Biotex 
Laboratories Inc., Houston, TX) was added to the cell cul- 
ture wells. The content of three wells of any cell type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's'pro- 
tocol. RNA was fractionated on a denaturing 1 .0% agarose 
gel and stained with ethidium bromide to confirm that 
spcctrophotometric measurements were accurate arid that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse-transcribed to cDNA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den), in a total reaction volume of 15 fxL. 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDNA prepa- 
rations, all samples were first adjusted to contain equal in- 
put glyceralderyde-3-phosphate dehydrogenase (GAPDH) 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PCR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (22,27). 

We then estimated the MMP-1 and TlMPrl cDNA in 
these adjusted samples. The primers were selected using the 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
introns to allow unambiguous discrimination berween 
cDNA and unwelcome contaminating genomic DNA. In 
quantifying MMP-1 and TlMPrl cDNA, a rapid one-step 
method was introduced to synthesize an internal homolo- 
geous competitor (plan diagram of procedure: Fig. 1, ex- 
emplary for MMP-1 [28). A hybrid primer was synthesized 
(MMP-lhy) that consisted of two segments (seg,, seg2). It 
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seg, 



seg,. 



PCR 



47B bp 



MMPIhy 7 MMP1i 

: 82 bp 

3 



MMP1 inleinal .homologeous competitor 

FIG- 1. Genera) scheme for generating homologous com- 
petitors used for quantitative PCR. 
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had a length of 40 nucleotides, in which 20 nucleotides (seg,) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
lf, and 20 nucleotides at the 5' end (seg2 = MMP-lr) that 
corresponded to the target sequence upstream from the seg- 
ment segj. Amplification with the primers MMP-lf and 
MMP-lhy from the cDNA resulted in a 478-base pair (bp) 
(polymerase chain reaction (PCR) productVIt was freed from 
excess primers and deoxynuclepside- triphosphates (dNTPs) 
using the Qiaquick Gel Extraction Kit (Qiagen GmbH 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was introduced in the GAPDH-ad- 
justed samples and amplified with the primers MMP-lf and 
MMP-lr. With this approach, two products were generated, 
one derived from the cDNA (560 bp) arid another, 82 bp 
smaller in size derived from the interna] competitor (Eg. 1). 
PCR products were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity: of 
ethidium fluorescence with a CCD image sensor and , ana- 
lyzing the data with the EASY program (Herolab, Wiesloch, 
Germany). The initial amounts of sample cDNA and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged to be equal. This 
was expressed in arbitrary units (AU) (22,29). One AU was 
defined as the lowest concentration of competitor yielding- 
a detectable amplification product when added to PCR 
alone. For example, if equivalence between sample cDNA 
and competitor was reached using a 100-fold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. Thyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor primer pairs have been published by Wat- 
son ct at. (30) and Tada et a J. (31) and gave the following 
product sizes: TPO: 506 bp; IL-1R type I (p80):300 bp; UL- 
1R type D (p68): 392 bp; TNF-aR (p75): 324 bp; TNF-aR 
(p55): 587 bp and IFN-7R: 899 bp. The thyreoglobulin (Tg) 
and thyroid stimulating hormone receptor (TSH-R) primer 
pairs were selected according to the published sequences us- 
ing the DNAsis program (Table 1). 

Each 25-/iL amplification reaction contained 2.5 uJL • 
10 X concentrated PCR buffer (15 mM MgCI 2 , Boehringer 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringer Mannheim, Germany), 100 /xM dNTPs 
(Perkin Elmer, -Weiterstadt, Germany), 0.1 riM of each 
primer (1MB, Jena, Germany), and 1 /xL cDNA and com- 
petitor in adjusted dilution. Furthermore, restriction map- 
ping (restriction enzymes: Boehringer Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR product (Fig. 1, Table 1). 

Statistics 

Ptotein levels of thyrocyte or fibroblast cultures from the 
different patients and of the thyroid carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean ± SEM values. Starisricai comparisons berween un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) t-test. The correlation berween basal 
mRNA levels and the unstimulated protein secretion in all 
cell types was calculated according to the Spearman method. 
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. Table 1. Primers, Length of Amplified Templates, Restriction Mapping and Assay Conditions for RT-PCR 








Primer 




■ Length. of Length of 


Annealing . 


Number of 








S'- 


-r 


cDNA (bp) ■ competitor (bp) 


temperature 


'cycles 


Tg 




forward 


GCAGATCTTACTGAGTGGCT 




416 • 


60 


35 






•reverse 


TGTCAGCACAGTGGCAATAC 










TSH-R 




forward 


ACTTGCTGCAGCTGGTGCT 




354 


65 


35 


exons 




reverse 


TGAGGGCATCAGGGTCTATG 








TSH-R 




forward 


GAAATTCGGAATACCAGGAACTTA ACT 


896 


53 " 


35 - : 


exons 4-10 


reverse 


AACTCATCGGACTTGGGGGTACA 








MMP-I 




forward 


TGGGAGCAAACACATCTGAC 




560 478 


64 


33 






reverse 


aTcacttctccccgaatcgt 












hybrid 


ATCACTTCTCCCCGAATCGT 
















ccatatatgggttggatgcc 










TLMP-1 




forward 


cttaggggatgccgctgaca 




351 • 274 


.64 


30 






reverse 


ggcagccaggcaaggtgacg 










hybrid 


ggcAggcaggcaaggtgacg 
















ggatggataaacagggaaac 











Tg indicates thyrogjobuline; TSH-R, thyroid stimulating hormone receptor, MMP-1. matrix raciaUoproteinase-1; THVfP-1, tissue inhibitor of 
meta!Ioproteinasc-l; bp, base pair. 



RESULTS 

Thyroid specific and. cytokine receptor 
mRNA expression 

Isolated thyrocytes as well as 8505 C cells expressed Tg 
arid thyroperoxidase (TPO) mRNA, whereas transcripts of 
the TSH-R (exons 1-4, 354 bp, exons 4-1 0, 896 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines SW 1736; C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). All cell lines and thyrocytes expressed 1L-1R 
(type 1 and. type H), TNF-aR (p75 and p55) and IFN-yR 
mRNA (Fig. 2). 

Basal MMP-1 and TIMP-1 mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels are shown in Figures 3 and 4. The 3- and 6-hour 
levels are demonstrated in those experiments where the 
mRNA levels reached their peak before 24 hours of stim- 
ulation. If not otherwise indicated, the MMP-1 levels were 
measured using the EUSA system, which recognizes 
free/complexed MMP-1. 

MMP-1 and TIMP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range. 8505 C showed 
a basal MMP-1 mRNA level 20 limes as high as those of 
the HTh 74 cells, 6 X -10* times as high as C 643, and 2 X 
10* times as high as SW 1736 cells. In thyrocytes, MMP- 
1 mRNA levels were found near the detection limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell types, the mea- 
sured basal MMP-1 or TIMP-1 mRNA levels correlated 
well with the basal protein expression (MMP-1: r = 0.99, 
P < ,000 1; TIMP-1 : r = 0SS,p < .002). Corresponding to 
the high MMP-1 mRNA level, 8505 C cells secreted ex- . 
ucmely high levels of MMP-1. No MMP-1 or TIMP-1 was 



detected in unstimulated 'thyrocyte cultures, at any time- 
point examined. All other cell types showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs. 5 and 6). thyroid- 
derived fibroblasts produced basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se T 
creted nearly the same amounts of basal TIMP-1 protein. 
Nevertheless, TIMP-1 secretion of fibroblasts was found 
at lower levels than expected after TIMP-1 mRNA mea- 
surement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher TIMP- 
1 expression than those from the 4 other patients (basal 
24 hour: 50 ± 2; PMA 24 hour: 90 ± 6 ng/mL TIMP-1) 
was omitied in Figure 6. 

Comparing the basal amount of free/complexed and 
TIMP-1 completed MMP-1 after 24 hours of stimulation, 
a significant level of MMP-1 was not complcxed with 
TIMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity was inhibited by TLMP-1. The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between free/complexed and TLMP-1 
complexed MMP-1 level as 8505 C cells (Fig. 7). 

Effects, of IL-la on MMP-1 and TIMP-1 mRNA and 
protein expression 

Experiments were performed to determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TIMP-1 se- 
cretion after exposure to various stimuli. The results from 
these stimulation experiments are summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the mRNA expression level. 
At rhe protein level, the cytokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

1L-1 upregutated MMP-1 mRNA in SW 1736-cells up 
to 100 times and, in thyrOid-derived fibroblasts, up to 12 
times after 24 hours of incubation (Fig. 3). This increased 
mRNA level was accompanied by a significandy enhanced 



mmm axnu iuvir-i 



71 Z 




TPO 

Tg 

TSH-R 
Exon 1-4 

11-1 -R1 
II-1-R2 
IFN-7R ■ 
p75TNFR 
p55TNFR 



FIG. 2. Amplification of thyroid specific and interleukin-receptor mRNA in thyrocytes (1), SW 1736 (2), C 643 (3) HTh 
74 (4) and 8505 C (5) cells using RT-PCR;M r = 100-bp ladder (GIBCO). 



MMP-1 secretion after 48 hours. Furthermore, IL-la in- 
creased MMP-1 mRNA expression in thyrocytes up to 
seven times after 6 hours, burno MMP-1 protein could be 
detected in thyrocyte cultures. IL-1 had no stimulatory ef- 
fect on MMP-1 mRNA expression in C 643, HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-1 secretion was found in HTh-74 and SW 1736 
cells after 48 hours of incubation (Fig. 5). This discrepancy 
may be explained by a possible increase in MMP-1 mRNA 
level after 24 hours of stimulation. The same effect could 
also be observed in the IL-1 stimulated TJMP-1 at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TIMP-1 mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in- 
crease of TJMP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours (Figs. 4 and 6). 

Effects of TNF-a on both MMP-l/TIMP-1 mRNA 
and protein expression 

In contrast to IL-1, TNF-o did not stimulate the MMP- 
1 arid TIMP-1 mRNA and protein levels in all carcinoma 
cell lines and thyrocytes. Only thyroid-derived fibroblasts 
responded with a slight upregulation of MMP-1 and TIMP- 
I mRNA expression after TNF-o stimulation, which was 
not accompanied by an increase of MMP-1 and TIMP-1 
secretion. 



Effects of PMA, and IFN-y on MMP-1 and TIMP-1 
mRNA and protein expression 

PMA was included in our study as a positive control 
because it is known to upregulate.or induce both MMP- 
1 and TIMP-1 secretion in various cell types (1,32). In- 
deed, PMA was able to induce or enhance MMP-1 
mRNA levels in all cell types investigated, although the 
detected levels varied to a large extent (Fig. 3). This re- 
sult is in good correlation with the significantly increased 
MMP-1 protein levels that were already detectable after 
24 hours of stimulation (Fig. 5). PMA upregulated T1MP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 times in SW 1736 and HTh 74 cells, fibroblasts and 
thyrocytes, but it did not change the TIMP-1 mRNA con- 
tent in 8505 cells (Fig. 4). At the protein level, we found 
a significant stimulation of TIMP-1 secretion in C 643 
and HTh 74 cells, as well as in thyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, IFN-7 was without effect on stim- 
ulation or downregulation of MMP-1 and TIMP-1 mRNA 
or protein in anv of the cell types investigated (Figs 5 and 
6). • . . 

The main inhibitor of MMP-1 isTlMP-1, which forms 
1:1 stoichiometric complexes with MMP-1, although some 
other inhibitors can also bind MMP-1. On the other hand, 
TIMP-1 can bind other MMP types. 



718 



C643 



HTh 74 



Control 



IH 



TNF-a 



PMA 



|AU] 



io 6 , 10 7 to 6 io 7 10" io 6 io 7 10° 10 6 10 7 io» 

_____ ^ -^—r - -— ■>-<Hg— — _ 



Hp 



10 9 2x10* 10"> 10 9 . 2x10* 10'° 10 9 2x10» 10*° 10» 2x10» 10'° 



AU5T ET AI_ 



' cDNA. 
• competitor 



10* 10 T . t(j? 10 s 10 7 10° 10 s 10 7 IO 9 10 s 10 7 10» 



SW1736 



8505 C 



Thyrocyles 



Fibroblasts 



-it §4 



io m io" io" io">, io" io 12 io'° io" 10" - io'° io" io' J 




FIG. 3. Representative samples of competitive amplified MMP-1 mRNA of thyrocytes, thyroid-derived fibroblasts and thy- 
in C ?TDw» Ce !. £ r' th ° U r s,,mu,a " on ( conlroI » ».nd after stimulation with 10 U/mL IL-la and 100 U/mL TNF-a and 

Z , «TL S f^L,\l Wi °? S ' of . kn ° Wn am ° UmS ° f ,hc com P» ilor fr3 g™nt coamplified with identi- 

cal al.quo.s of cDNA. The 560-bp (cDNA) and 478-bp (competitor) PCR products were visualized by agarose gel electrophoresis 
and ethidiumbromide staining. The relative concemrat.cn of the added competitor was given in arbitrary units (AU) in the 



r ah : 7 ■"»""- ^"'."....juu,, ui me aooea competitor was given in arbitrary units (AU) in the 

bm! xT ? " ,hc '° WeSt concen " 3ti on of comperitor yielding a detectable amplification for MMP-1 

mH NA. The ratio of competitor to cDNA fragments was determined by measuring the intensity o 
' image sensor and analysis of data. Measured cDNA concentration can expressed in AU 



DISCUSSION 

Our findings demonstrate for the first time ihai thyroid 
carcinoma cell lines are able to express MMP-1 and TIMP- 
1 mRNA and protein at significant levels in vitro. The ob- 
servation of spontaneous release of MMP-1 and TIMP-1 
corresponds well with earlier studies covering the secretion 
of these proteins by several carcinoma cell lines (33,34). 

However, in contrast to its clear physiological function 
in extracellular matrix breakdown, the role of MMP-1 in 
tumor growth and metastases is still coniroversial 
(9-11,35). Recently, Murray et al. (10) demonstrated thai 
MMP-1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent of the Dukes 
stage. Therefore, MMP-1 could be a target for therapeu- 
tic intervention in such lumors. Furthermore, the hypoth- 
esis ol wheiher or not cancer cells themselves arc able to 



produce MMP, or whether cancer cells stimulate the sur- 
rounding stromal cells to secrete MMP in vivo, is disputed. 
MMP-1 mRNA and protein were detected by borh in situ 
hybridization and immunohistochemistry in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Kameyama (12) demonstrated by in situ hybridization ihar 
the MMP ] mRNA was not expressed in the cancer cells 
but in the surrounding fibrous capsules of strongly differ- 
entiated papillary thyroid carcinoma tissue. Highly differ- 
entiated follicular carcinomas and follicular adenomas 
were depleted for MMP-1 transcripts. Undifferentiated fol- 
liculary, papillary, and aggressive anaplastic carcinomas 
that showed poor prognosis and strong tumor invasive and 
metastatic potential and that can be compared in their 
morphological, genetic and growth features with undiffer- 
entiated thyroid carcinoma cell lines were not included this 
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study. However, the missing expression of MMP-1 by nor- 
mal thyrocytes and the spontaneous secretion of this pro- 
tein by highly malignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MMP-1 secretion of transformed thyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-1, we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA that may be put down 
to residual differentiated components in the cell line (see 
Materials). However, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were Jess than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant characterises of their parental tumors (38-40). 

Furthermore, we found a distorted proportion between 
MMP-1 and TIMP-J mRNA/prorein for carcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation between MMP-1 and 
TIMP-l was found in 8505 C cells. Similar to other stud- 
ies (41), these results suggest the influence of an altered 
MMP/T1MP relation on lumor progression. However, It 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TTMP-1 may regulate MMP-1 ac- 
tivity. Taking into account that the balance of active en- 
zyme and TIMP-l concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpectedly high levels of TTMP-1 in malignant 
neoplasms (9,42,43). There is a great discussion as to 
whether the overall expression of MMP-1 and TIMP-l or 
the amount of noncomplexed MMP-1 could be critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active MMPs. 

The synthesis, of MMP-1 and TIMP-l is influenced by a 
variety of biochemical stimuli. The recent findings on 
MMP-I and TLV1P-1 gene promoters are useful in under- 
standing the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines and tumor 
promoters (34.44,45). The promoter regions contain tu- 
mor promoter responsive elements (TRE) and binding mo- 
tifs for the transcription factor PEA-3, which are recog- 
nized by proio-oncogenic transcription factors, such as the 



) 



722 



=• 800 1 

r i 

600 \ 



200 ' 



p T1MP-1 

B W-1 complex 

a :MMP-1 complrn/free 




B505C 



►rn.74 



fibroblasts 



FIG. 7. Comparison between (i) free/complex and (ii) TIMP- 
1 completed MMP-1 levels, and (iii)TlMP-l levels in super- 
natants of unstimulated 8505 C and HTh 74 cells, and thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 

^D ,'m.r P " 2B total MMP - J (see Fi eure 5). The (ii) 
MMP-1/T1MP-1 assay recognizes MMP-1/TIMP-] complexes 
ie, activated MMP-1 that has subsequently been complexed 
with the specific MMP inhibitor TIMP-1. The (iii) T1MP-1 
EUSA recognizes total TIMP-1, ie, free TIMP-1 and that com- 
plexed with MMPs. 



fos and ,un family (45-47). IL-1, TNF-o, and PMA up- 
regulate ptoto-oncogenes like fos and jun, resulting in the 
stimulation of MMP-1 and T1MP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, 1L-1R (type I and type 11), TNF-oR (p75 and P 55) 
and IFN-yR mRNAs were demonstrated in all investigated 
cell types. PMA and 1L-1 were shown to elevate MMP-1 
and TIMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. 1,7,49). In ithe majority of experiments, 
wc found a concordant expression of MMP-1 and T1MP- 
1 after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, although MMP- 
1 and TIMP-1 expression can also be independently or even 
reciprocally regulated (1). The effect of TNF-o was not as 
distinct as in the case of PMA and 1L-1, although several 
investigators found a pronounced effect of TNF-o particu- 
larly on TIMP-1 secretion (4,34). In contrast to studies per- 
formed w.th other cell types (863,864,819), IFN-y did not 
influence MMP-1 and TIMP-1 expression in thyroid carci- 
noma cell Imes. In summary, the involvement of the in- 
■rarhyroidal physiological and pathological cytokine mi- 
croenvironment in the regulation of MMP-1 and TIMP-1 
induction activation and inhibition is strongly suggested. 

Furthermore, the data demonstrate that regular human 
■hyrocytes d,d not produce MMP-], even after powerful 
stimulation w.th PMA. Investigating other mammalian ep- 
-ihelial cells, only one. study revealed the production of 
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MMP-1 by rabbit corneal cells (21). It is yet not clear 
whether the MMP-1 mRNA detected in thyrocytes is due 
to. a low level of constitutive transcription of the MMP-1 
gene (illegitimate transcription), an existing pool of stable 
MMP-1 mRNA, or. in vitro induction of MMP-1 mRNA 
But it seems more likely that residual fibroblasts contained 
in the purified thyrocyte preparation («L2%) are respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes are indeed MMP-1 pro- 
ducers, but the EUSA detection system used was not 
sensitive enough to measure extremely low MMP-1 secre 
^ 0 K n ,i e ? 1S 'rfv U , rthcrm0re ' the discrepancy between elevated 
™£"J mRNA ,c ^ ,s <>' hyrocytes and the extremely low 
I1MP-1 protein secretion by these cells is difficult to ex- 
plain. Post-transcriptional regulatory events may be re- 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
trathyroidal cytokine microenvironment is involved in the 
regulation of MMP-1 and its inhibitor TIMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors in vivo. 
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Expression of embryonic fibrouecfin isoform EHIA parallels alpha-smooth 
muscle acrin in maturing and diseased kidney. 

Barnes VL . Musa J, Mitchell RJ . Barnes JL , 

Department of Medicine, Division of Nephrology, University of Texas Health Science 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spliced "embryonic" fibronectin isoform EWA (Fn-EIIlA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti-glomerular basement membrane (GBM) 
nephritis and Habu venom (HV)-induced proliferative glomerulonephritis, using 
immunohistpchemistry and in situ hybridization. Fn-EIIIA and alpha-SMA proteins were 
abundantly expressed in rriesangium and in periglomerular and peritubular interstitium of 
20-day embryonic and 7-day (D-7) postnatal kidneys in regions of tubule and glomerular 
development Staining was markedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney. Expression of Fn-EIIIA and alpha-SMA 
was reinitiated in the mesangium and the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIIIA mRNA by in situ hybridization corresponded to the 
localization of protein staining. Dual labeling experiments verified co-localization of Fn- 
EIIIA and alpha-SMA, showing a strong correlation of staining between location and 
Staining intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fn- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 
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BMI-1 geue amplification and overexpressiou in hematological 
malignancies occur mainly in mantle cell lymphomas. 

BcaS, TortF, Pinyot M, Puig X. Hernandez L . Hernandez S . Fernandez PL. van 
Lohuizen M . Colomer D, Campo E . 

The Hematopathology Section, Laboratory of Anatomic Pathology, Hospital Clinic, 
Institut ^Investigations Biomediques August Pi i Sunyer (IDIBAPS), University of 
Barcelona, Spain. 

The BMI-1 gene is a putative oncogene belonging to the Polycomb group family that 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
INfC4a/ARF locus. The BMI-1 gene has been located on chromosome 10pl3, a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin's lymphomas (NHLs) and solid tumors. To determine the possible 
alterations of this gene in human malignancies, we have examined 1 60 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMI-1 gene amplification (3- to 7-ToId) in 4 of 36 (1 1%) 
mantle cell lymphomas (MCLs) with no alterations in the INK4a/ARF locus. BMI-l and 
p 1 6INK4a mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly higher in chronic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four rumors with gene 
amplification showed significantly higher mRNA levels than other MCLs and NHLs with 
the BMI-1 gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-1 mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship 
was detected between BMI-1 and pl6INK4a mRNA levels. These findings suggest that 
BMI-1 gene alterations in human neoplasms are uncommon, but they may contribute to 
the pathogenesis in a subset of malignant lymphomas, particularly of mantle cell type. 
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BMI-1 Gene Amplification and Overexpression in Hematological Malignancies 
Occur Mainly in Mantle Cell Lymphomas 1 
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Maarten van Lohuizen, Dolors Colomcr,' and Elias Campo 2 . 
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Barcelona. 08036 Barcelona. Spain [S. B.. F. T.. M. />„ X. P.. L H.. S. H.. P. L P.. D. C. £ C). and Division of Molecular Carcinogenesis. The Netherlands Cancer Institute. 
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Abstract 

TTit BMI-1 gene is a putative oncogene belonging to the Polycomb 
group family that cooperates with c-myc in the generation of mouse 
lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of the JNKda/ARF locus.. 
The BMJ-1 gene has been located on chromosome 1 0pl3, a region involved 
in chromosomal translocations in infant leukemias, and amplified in 
occasional non-Hodgkin's lymphomas (NHLs) and solid tumors. To de- 
termine the possible alterations of this gene in human malignancies, we 
have examined 160 lymphoproliferalive disorders, 13 myeloid leukemias, 
and 89 carcinomas by Southern blot analysis and delected BM1-J gene 
amplification (3- to 7-fold) in 4 of 36 (1J%) mantle cell lymphomas 
(MCLs) with no alterations in the INXJa/AKF locus. BMI-1 and pJ6""' ,: '" 
■ mRNA and protein expression, were also studied by real-time quantitative 
reverse transcrjption-P.CR and Western blot, respectively, in a subset of 
NHLs. BMJ-1 expression was significantly higher in chronic lymphocytic 
leukemia and MCL than in follicular lymphoma and large B cell lym- 
phoma. The four tumors with gene amplification showed significantly 
. higher mRNA levels than other MCLs and NHLs with the BMJ-J gene in 
gcr inline configuration. Five additional MCLs also showed very high 
roRNA levels without gene amplification. A good correlation between 
BMI-1 mRNA levels and protein expression was observed in all types of 
lymphomas. No relationship was detected between BMI-1 and pl6 ,N '"' 
roRNA levels. These findings suggest lhal BMI-1 gene alterations iri 
human neoplasms are uncommon, but Ibey may contribute lo the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle cell 
type. 

introduction 

gene is a putative oncogene of Ihe Polycomb group 
originally identified by retroviral insertions! mutagenesis in Ejx-c- 
myc transgenic mice infected with Ihe Moloney murine leukemia 
vims (I, 2). These animals had a rapid development of pre-B cell 
lymphomas showing frequent proviral insertions near the BMJ-1 gene. 
This integration resulted in BM1- 1 overexpression suggesting a coop- 
erative effect beiween C-MYC and BMI-1 genes in the development of 
these rumors (3, <J). Recent snidies have indicated that Ihe BMI-1 gene 
may also participate in cell cycle control and senescence through the 
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JNK4a/ARF locus by acting as an upstream negative regulator of 
pl6 rNK4a an(J pJ4/pl9 ARF gene expression (5). The human BMJ-J 
gene has been mapped lo chromosome 10pl3 (6), a region involved.in 
chromosomal translocations in infant leukemias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors (10, 11). However, 
the possible implication of Ihe BMJ-J gene iri these alterations and its 
role iri the pathogenesis of human tumors is not known. The aim of 
Ihis study was to analyze- the possible BMJ-J gene alterations and 
expression in a large series of human neoplasms and to determine the 
relationship with lNK4a/ARF locus aberrations. 

Materials and Methods 

Case Selection. A series of 2.62 human tumors, including 173 hemalolog- 
ical malignancies and 89 carcinomas (Table 1), matched normal tissues from 
all carcinomas, J I samples of normal peripheral mononuclear cells, and 5 
reactive lymph nodes and tonsils, were selected based on the availability of 
frozen samples- for molecular analysis. 

DNA Extraction and Southern Blot Analysis. Genomic DNA was ob- 
tained using Proteinase KTftNase treatment: 15 fig were digested with £coRl 
and Windlll restriction enzymes (Life Technologies, Inc., Gailhersburg, MD), 
for Southern blpl analysis and hybridized with a 1.5-kb Pstl fragment of Ihe 
parlial BMI-1 cDNA (6). ' 

RNA Extraction and Real-time Quantitative RT-PCR. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CJLLs, 27 MCLs, 8 FLs, and 22 
LCLs) using guanidine/isolhiocyanate extraction and cesium/chloride gradient 
centrifugation. One p.g of total RNA was transcribed into cDNA using 
MMLV-reverse transcriptase (Life Technologies, Inc.) and random hexamers, 
following manufacturer's directions. Sequences of. ihe BMJ-1 and Ihe pl6 
detection probes and primers were designed using ihe Primer Express program 
(Applied Biosystems, Foster City) as follows: BMI-1 sense, 5'-CTGGTTGC.- 
CCATTGACAGC-3'; BMI-1 anlisense, V-CAGAAAATGAATGCGAG- 
CCA-3'; pl6 sense, 5'-CAACGCACCGAATAGTTACGG-3'; pi 6 anlisense. 
5'-AACTTCGTCCTCCAGAGTCGC-3\ The probes BMI-1, 5'CAGCTC- 
GCTTCAAGATGGCCGC-3', and p!6, 5'CGGAGGCCGATCCAGGTGG- 
GTA-3', were labeled with 6-carboxy-fluorescein as Ihe reporter dye. The 
TaqMan-GAPDH Control Reagents (Applied Biosystems) were used lo am- 
plify and deteci ihe CAP OH gene, as recommended by Ihe manufacturer. The 
quantitative assay amplified I ixmt of cDNA in Iwo lo four replicates using Ihe 
primers and probes described above and ihe standard masier mix (Applied 
Biosyslems). All reactions were performed in an ABI PRISM 7700 Sequence 
Deiecior System (Applied Biosyslems). GAPDH, BMI-1, and pie 1 ™ 4 " ex- 
pression was related lo a slandard curve derived from serial dilutions of Raji 
cDNA. The RUs of BMI-1 and pl.6 mx '" expression were defined as ihe 
mRNA levels of these genes normalized .to ihe. GADPH expression level in 
each case. 

Prolcin Analysis. Wbolc-cell prolein extracts were obtained from. addi- 
tional frozen tissue available in 31 cases (7 CJLLs, 12 . MCLs, 8 FLs, and -t 
LCLs), loaded onto a 10% SDS-polyacrylamide gel, and electroblolted lo a 
nitrocellulose membrane (Amcrsham). Blocked membranes were incubated 
sequentially willt ihe monoclonal antibody BMI-F6 (12), anlimouse conju- 
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Tabic I Hematological malignancies and solid tumor samples analyzed for BMI- 1 
gene alterations 



Tissue samples 


No. of cases 


Hematological malignancies 




Hodgkin's disease 


2 


B cell lympllopiolifcrative disorders 




B-Acutc lymphoblastic' leukemia ■ 


14 


CLL 


29 


Hairy cell leukemia 


. 4 


FL 


15 


MCL 


36 


LCL 


40 


T cell rymphoproliferativc disorders 




T-Acutc lymphoblastic leukemia 


8 


Large granular cell leukemia 


4 


Peripheral T-cel! lymphoma 


8 


Myeloproliferative disorders 




Acute myeloid leukemia 


7 


Chronic myeloid leukemia 


6 . 


Solid tumors 




Colon carcinoma 


26 


Breast carcinoma 


29 


Laryngeal squamous cell carcinoma ■ 


34' 


Total . 


262 



gated to horseradish peroxidase (Amersham), and detected by enhanced chemi- 
luminescence (Amersham) according lo the manufacturer's recommendations. 
Statistical Analysis. Because of ihe non-normal distribution of the samples 
. and the small. size of some subsets of rumors, the statistical evaluation was 
. performed using nonparamelric tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
Ihe Kruskal-Wallis Test, with a P for significance set at 0.05. For differences 
between particular groups, the conservative Bonferroni procedure was per- 
. formed, and Ihe P was set at 0.005. The remaining statistical analyses were 
carried oul using Ihe Mann- Whitney nonparamelric V test (significance, P 
<0.O5). The comparison between BM1-1 and pl6" flt '" quantitative mRNA 
levels was also performed using the Pearson's correlation coefficient. 

Results 

BMJ-J Gene Amplification. The BMJ-J gene was examined by 
Southern b)ot in a large series of human rumors and norma) samples 
(TabJe 1). The cDNA probe used in the study delected three EcoRl 
fragments of 7.3, 3:8, and 2.6 kb and three /Vmdlll fragments or 6.2, 
4, and 3.5 kb. BMJ-J gene amplification (3- to 7-fold) was delected in 
4 of 36 (1 1%) MCLs (Fig. 1). The amplifications were confirmed with 
bolh restriclion enzymes. The amplified MCLs were two Mastoid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMJ-J gene rearrangements were observed in 
any of the samples examined. 

BMI-J mRNA Expression. To determine Ihe BMI-I expression 
patlern in NHL, we analyzed BMJ-J mRNA levels by real-lime quan- 
titative RT-PCR in 67 lymphomas ( 1 0 CLXs, 27 MCLs, 8 FJLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BMJ- 1 mRNA expression pattern was observed in the different types 
of lymphomas (Fig. 2; Kruskal-Wallis Test; P < 0.001). The BM) 
mRNA levels in CLLs (mean, 2.2 RU; SD, 1.3) and MCLs with no 
BMJ-J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean, 0.6 RU; 
SD, 0.4; Mann- Whitney nonparamelric U lest; P < 0.01). The 4 
MCLs with BMJ-J gene amplification showed significantly higher 
levels of expression than all other groups of rumors (mean, 5.) RU; 
SD, 1.6; P < 0.005). In addition, five typical MCLs with no structural 
alterations of the gene also showed very high levels of BMI-I mRNA 
expression ranging from 4 to 9.8 RU, similar lo cases wilh gene 
amplification (Fig. 2,4). 

BMJ-J Protein Expression. BMI-J protein expression was exam- 
ined by Western blot in 31 rumors (7 CLLs; 12 MCLs, including two 
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eases with BMI-J gene amplification and 4 cases with mRNA over- 
expression and no structural alteration of the gene; 8 FLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal • 
antibody against BMJ-I detected three closely migrating proteins of 
M T 45.000-48,000 (2). The two more slowly migrating bands prob- 
ably represent phosphorylated isoforms of the protein (12). The two 
MCLs with gene amplification and three of four cases with mRNA 
overexpression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed . 
intermediate levels of protein expression, whereas low- or no-expres- 
sion signals were delected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that. BMJ- J protein expression in NHL 
is concordant with the mRNA levels observed by real-time quantita- 
tive RT-PCR. 

Relationship between BMJ-1 and pJ6 ,NKJ * Gene Alterations. 

The JNK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMI-J gene, 
suggesting that this gene may .contribute to. human neoplasias with 
wild type 1M4/ARF (5). Most of the lympboproliferative disorders 
analyzed in the present study, including the four cases with BMJ-I 
gene amplification, had been previously examined Totp53 gene mu- 
tations and JNK4a/ARF locus alterations, including gene deletions, 
mutations, hypermethylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors with BMJ-I mRNA overexpression with no structural 
alterations of the gene showed a wild-type configuration of the 
JNK4a/ARF locus (13). However, one case wilh BMJ-J gene ampli- 
fication and one case with mRNA overexpression with no alteration of 
the gene showed p5S gene mutations associated with allelic deletions. 

To determine the possible relationship between BMJ-J and 
p!6 1NKJi ' mRNA expression, p]6 mK4 ' mRNA levels were evaluated 
by real-time quantitative RT-PCR in 50 tumors (10 CLLs, 27 MCLs, 
and 13 LCLs), including 6 cases with alterations in the INK4a/ARF 
locus (2 MCLs and 1 LCL wilh p7rj ,NK/ " gene deletion, 2 LCLs with 
pI6 promoter hypermethylation, and 1 CLL with pl6 n * KA ' gene 
mutation), and the 4 lymphomas with BMJ-J amplification: Negative 
or negligible levels of p]6 ,> " <4: ' were observed in the 6 tumors wilh 
INK4a/ARF locus alterations. These cases were not included in the 
comparisons between BMI-I and p)6 INK '" mRNA expression. The 



p!6" 



expression levels were relatively similar in Ihe different 



types of tumors. Only LCLs tended to have lower levels of expression, 
but the differences did not reach statistical significance (Fig. 2B). No 
differences were observed in the p^"" 1 " 3 mRNA levels between 
tumors with BMI-J gene amplification and overexpression and lym- 
phomas with germline configuration of the gene. 
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Fig. I. Southern bloi analysis olBMIl cenc. Foui MCLs (,ljCi*) snowed BMI-I gene 
amplificaiion (3- lo 7- fold) enmpaicd wilh non-neoplasiic tissues (N) and other NHLs! No 
amplifications 01 gene icanangcmmu were dclcard in Ihe remaining NHLs and carci- 
nomas included in the srudv. 
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Fig. 2. A, quantitative BMI-1 mRNA transcript analysis (median and range) using 
real-time RT-PCR in a series of NHLs. MCLs with BMI-I gene amplification (MCL') 
revealed significantly higher overall BMI-1 mRNA levels than all other types of NHLs, 
including MCLs with no structural alterations of the gene (P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs (P < O.OOJ). Results are depicted 
as the ratio of absolute BMM:GADPH mRNA transcript numbers (RU). Bars, SD. B, 
quantitative pl6' NK4 ' mRNA transcript analysis (median and range) using real-time 
RT-PCR in a series of NHLs. Expression levels were relatively similar in the different 
types of rumors. Results arc depicted as the ratio of absolute pia^^'.-GADPH mRNA 
transcript numbers (RU). Bars, SD. 



Discussion 

Jn Ibe present study, we have examined a large series of human 
rumors for Ihe presence of gene alterations and mRNA expression of 
the BMI-I gene. Gene amplification was identified in four MCLs. 
■These rumors showed significanlly higher levels of mRNA and pro- 
tein expression compared with other lymphomas with BMI-I in germ- 
line configuration. BM1-) expression levels were also highly un- 
regulated in a subset of MCLs with no apparent structural alterations 
of the gene. No alterations were detected in any of the different types 
of carcinomas included in the study. BM1-J is considered an oncogene 
belonging to the Polycomb group family of genes. These proteins 
mainly act as transcriptional regulalors, controlling specific target 
genes involved in development, cell differentiation, proliferation, and 
senescence. Differeni studies have shown the implication of BMI- 1 
overexpression in the development of lymphomas in murine and 
feline animal models (3. 4). The findings of the presenl study indicate 
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• for the first time that BMI-1 gene alterations in human neoplasms are 
an uncommon phenomenon, but they seem to occur mainly in a subset 
of NHLs, particularly of mantle cell rype. 

The human BM1-] gene has been mapped to chromosome J Op J 3. 
High-level DNA amplifications and gains in this region have been 
identified by comparative genomic hybridization in occasional solid 
rumors and NHLs (10, D). Different chromosomal translocations 
involving the 10pI3 region have also been identified in infant leuke- 
mias and T cell lymphoproliferative disorders (7, 8, 15). Most acute 
leukemias with this chromosomal alteration occur in children <I2 
months of age, whereas it seems to be extremely rare in adults. 1 Op 
translocations in T-cell lymphoproliferative disorders have been ob- 
served mainly in adult T cell leukemia/lymphomas and occasional' 
cutaneous T cell lymphomas- In our study, we did not observe BMI- J 

. rearrangements or amplifications in any of the acute leukemias or T 
cell lymphomas. However, all of the acute leukemias in this study 
were diagnosed jn patients over 16 years, and no adult T cell leuke- 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 10pl3 region 
have been detected in head and neck carcinomas and other solid 
rumors. Although we found no. evidence for BMI-I gene rearrange- 
ments or amplifications in a substantia] set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these tumors. Additional studies are required to elucidate the 
possible involvement of BMI-I in these particular groups of human 
neoplasms. 

Jn human hematopoietic cells, BMl-l is preferentially expressed in 
primitive CD34 + bone marrow cells, whereas it is negative or very 
low in more mature CD34 - cells ( I 6). In peripheral lymphocytes, and 
particularly in follicular. B cells, BMl-l protein expression has been 
detected in resting cells of the mantle zone, whereas it is down- . 
regulated in proliferating germinal center cells (17, 18). These obser- 
vations indicate that BMl-l expression in norma) hematopoietic cells 
is tightly regulated in relation with cell differentiation in bone marrow 
and antigen-specific response in peripheral lymphocytes. BfvH-1 ex- 
pression in human rumors has not been examined previously. In this 
study, we have demonstrated that BMl-l mRNA and protein expres- 
sion show a distinct pattern in different types of lymphomas.. Thus, 
BMJ-I levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest thai BMl-l expression 
patterns in B cell lymphomas' maintain in part the expression profile 
of their norma) cell counterparts; because FLs and at least a subgroup 
of LCLs are considered lymphomas derived from follicular germinal 
cenler cells, whereas MCLs and CLLs are tumors mainly derived from . 
naive pregerminal center cells. However, the four MCLs with BMI-I 
gene amplification expressed significantly higher mRNA levels than 
all other tumors. In addition, five MCLs with no structural alterations' 
of the gene showed high mRNA levels similar lo those observed in 
.tumors wilh BMI-I gene amplification, suggesting that other mecha- 
nisms may be involved in up-regu]alion of the gene in these lympho- 
mas. Differeni studies using animal models have shown a dose- 
dependent effect of BMI-I gene expression on skeleton development 
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Fig. 3. Western blot analysis or BMl-l protein in NHLs. The amplified MCL (17624) 
showed the highest BMI- 1 protein levels, whereas other MCLs and CLLs had inter mediate 
levels of expression. Very low or negative signal was observed in FLs and LCLs. 

I 



Bill-] IN HEMATOLOGICAL MALIGNANCIES 



and lymphomagenesis (1,3). These observations suggest that the high 
mRNA and protein levels detected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the INK4/ARF locus as a down- 
stream target of the BMI-1 transcriptional repressor activity, suggest- 
ing that BMI-1 overexpression may contribute to human neoplasias 
that retain the wild-type lNK4a/ARF locus (5). Interestingly, in our 
study, BMI-1 amplification and overexpression appeared in tumors 
with no alterations m jjJtf™ 0 "* and pyogenes. However, we could 
not detect differences in the expression levels of plo 1 * 01 "* in tumors 
with arid without BMI-1 gene alterations. The reasons for this apparent 
. discrepancy with experimental observations are not clear. One possi- 
bility may be that genes other than lNK4a/ARFzie the main targets of 
BMI-1 repressor activity in these tumors. Particularly, different genes 
of the HOX family are regulated by BMI-1 and may also be involved 
in lymphomagenesis (19, 20). 

In conclusion, the findings of this study indicate that BMI-1 gene 
. expression is differentially regulated in B cell lymphomas. Alterations 
of the gene seem to be an uncommon phenomenon in human neo- 
plasms, but they may contribute to the pathogenesis in. a subset of 
MCLs.. Although, BMI-1 gene alterations occurred in tumors with 
wild-type lNK4a/ARF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMM in human neoplasms 
require additional analysis. 
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Histopothology is insufficient to predict disease progression and clinical outcome in lung adeno- 
carcinoma. Here we show that gene-expression profiles based on microarray analysis can be 
used to predict patient survival in early-stage lung adenocarcinomas. Genes most related to sur- 
vival were identified with univariate Cox analysis. Using either two equivalent but independent 
training and testing sets, or 'leave- one-out' cross-validation analysis with all tumors, a risk index 
based on the top 50 genes identified low-risk and high-risk stage I lung adenocarcinomas, which" 
differed significantly with respect to survival. This risk index was then validated using an inde- 
pendent sample of lung adenocarcinomas that predicted high- and low-risk groups. This index 
included genes not previously associated with survival. The identification of a set of genes that 
predict survival in early-stage lung adenocarcinoma allows delineation of a high-risk group that 
may benefit from adjuvant therapy. 



.Lung cancer jemains the leading cause of cancer death in indus- 
trialized countries. Most patients with non-small cell Jung can- 
cer (NSCLC) present with advanced disease, and despite recent 
advances in multi-modality therapy, the overall 10-year survival 
rate remains a dismal 8-10%'. However, a significant minority of 
patients (-25-30%) with NSCLC have stage I disease and receive 
surgical intervention alone. Although 35-50% of patients with 
stage 1 disease will relapse within 5 years'"', it is not currently 
possible to identify specific high-risk patients. 

Adenocarcinoma is currently the predominant histological 
subtype ol NSCLC (rels. J, 5,6). Although morphological assess- 
ment of lung carcinomas can roughly stratify patients, there is a 
need to identify patients at high risk (or recurrent or metastatic 
disease. Preoperative variables that affect survival of patients 
with NSCLC have been identified 7 ' '". Tumor size, vascular inva- 
sion, poor differentiation, high lumor-proliferative index and 
several genetic alterations, including K ras (refs. 11,12) and p53 
(refs. 10,13) mutations, have prognostic significance. Multiple 
independently assessed genes or gene products have also been 
investigated to beitei predict patient prognosis in lung can- 
cer"". Technologies that simultaneously analyze the expression 
of thousands of genes" can be used to correlate gene-expression 
patterns with numerous clinical parameters — including patient 
outcome— to better predict tumor behavior in individual pa- 
tients'". Analyses of lung cancers using array technologies have 
identified subgroups ol tumors that differ according to tumor 
type and histological subclasses and, to a lesser extent, survival 
among adenocarcinoma patients'"*. Here we correlated gene- 
expression profiles with clinical outcome in a cohort of patients 
with lung adenocarcinoma and identified specific genes that 



predict survival among patients with stage I disease. For further 
validation, we also show that the risk index predicted survival in 
an independent cohort of stage I lung adenocarcinomas. 

Hierarchical prolile clustering yields three tumor subsets 
Using oligonucleotide arrays, we generated gene-expression pro- 
files lor 86 primary lung adenocarcinomas, including 67 stage 1 
and 19 stage 111 tumors, as well as 10 non neoplastic lung sam- 
ples. Selected sample replicates showed high correlation among 
coefficient's and reliable reproducibility. We determined tran- 
script abundance using a custom algorithm and the data set was 
trimmed oJ genes expressed at extremely low levels, that is, 
genes were excluded if the measure of their 75th percentile value 
was less than 100. Although potentially resulting in the loss of 
some information, trimming in this manner decreased the possi- 
bility that the clustering algorithm would be strongly influenced 
by genes with little or no expression in these samples. 
Hierarchical clustering with the resulting 4,966 genes yielded 3 
clusters ol tumors (Fig. 1). All 10 non neoplastic samples clus- 
tered tightly together within Cluster 1 (data not shown). We ex- 
amined the relationships between cluster and patient and tumor 
characteristics (Fig. 1 and Supplementary Figure A online). There 
were associations between cluster and stage [P = 0.030) and be- 
tween cluster and differentiation {P = 0.01). Cluster 1 contained 
the greatest percentage (42.8%) of well differentiated tumors, 
lollowed by Cluster 2 (27%) and Cluster 3 (4.7%). Cluster 3 con- 
tained the highest percentage of both poorly differentiated 
{■17.6%) and stage 1)1 tumors (42.8%), yet contained 3 (14.3%) 
moderately dillerentiated and 3 (5%) well dillerentialed stage I 
tumor. Notably, 1 1 stage I tumors were present in Cluster 3, sug- 
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gesting a common gene-expression profile.for 
this subset of stage I and stage 1)1 rumors. . 

For patients with stage I and stage HI tumors, 
the average ages were 68.J and 64.5 years. and 
the percentage of smokers was 88.9% and 
89.5%, respectively. Marginally significant as- 
sociations between cluster and smoking his- 
tory were observed (P = 0.06). A significant 
relationship between histopathologica] classifi- 
cation and cluster was only . discernible for 
bronchioloalveolar adenocarcinomas (BAs), 
■which were only present in Clusters 1 and 2 
(P = 0.0055). and comprised 35.7% and 12.3% 
of tumors for Clusters 1 and 2, respectively. 

We examined the heterogeneity in gene-ex- 
pression profiles based on the trimmed data. set among normal 
lung samples and stage I and stage 111 adenocarcinomas by calcu- 
lating correlation coefficients between all pairs of samples. In 
contrast to normal lung samples that displayed highly similar 
gene-expression profiles (median correlation, 0.9), both stage 1 
and II) lung tumors demonstrated much greater heterogeneity in 
their expression profiles with lower correlation coefficients (me- 
dian values, 0.82 and 0.79, respeclively). 

Northern-blot and immunohislochemislry analyses 
Of the 4,966 genes examined, 967 differed significantly between 
stage 1 and 111 adenocarcinomas, a number in excess of that ex- 
pected by chance alone (248 at alpha level (a) = 0.05). Three 
genes were arbitrarily selected to verify the microarray expression 
data. The mRNA from 20 of the normal lung and tumor samples 
was examined by northem-blot hybridization with probes for in- 
sulin-like growth factor-binding protein 3 [1GFBP3), cystatin C 



Cluster I 



Cluster 2 



Qustef 3 



Fig. 1 Unsupervised dassilication analysis ol lung adenocarcinomas. 3 classes of tumors identi- 
fied by agglomerative hierarchical clustering of gene-expression profiles using the 4 ; 966 expressed 
genes. Patient and histopathological information lor each lung adenocarcinoma case by cluster 
designation and methods lor K-ros 12/13th-codon mutational status and nuclear p53 protein K~. 
cumulation are provided (Supplementary Figure A online). TN classification denotes information 
regarding patient tumor sire and nodal involvement. Associations between cluster membership 
and patient or histopathological variables are indicated at significance level (PS 0.05). 



arid lactate dehydrogenase^ (LDH-A) (Fig. 2a). Two gene probes 
nol represented on the micioarrays were used as controls, includ- 
ing histone H4, a potential index of overall ceil proliferation, and 
28S ribosoma) RNA, a control for sample loading and transfer. 
The relative amounts of 1GFBP3, cystatin C and IDH-A mRNA 
strongly correlated with microarray-based measurements (Fig. 
2b). In both assays, IGFBP3 and LDH-A mRNA levels increased 
from stage I to stage III adenocarcinomas and were higher than 
those in normal lung. Cystatin C mRNA levels were more variable 
but relatively greater in normal lung than tumors. These results 
suggest that the oligonucleotide microarrays provided reliable 
measures of gene expression. The tumors showed slightly greater 
histone H4 expression than the normal lung, likely reflecting in- 
creased proliferation of tumor cells. 

Immunohistochemistry was performed for IGFBP3, cystatin C 
and flSP-70 to delermine whether mRNA overexpiession was re- 
flected by an increase of their corresponding proteins in tumors. 
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lig. 2 Validation analyses of gene-e*pres- 
sion profiling. «, Northem-blot analysis of 
'selected candidate genes foi verification- ol 
data obtained from oligonucleotide arrays. wcriiwm 
The same sample RNA for the 4 uninvofved 
lung, 8 stage I and 8 stage III tumors was 

used lor the northern-blot and oligonucleotide array analyses. 
b. Correlation analysis ol quantitative data obtained from oligonucleotide 
arrays and northern blots measured by integrated phosphorimagcr-based 
signals lor the ICHP3 and tOH A genes. The ratio of ICIBP}, cystatin C 
and. (DIM mRNA to 783 iRNA was determined. The relative values lor 
each gene from each sample are shown, n, non-neoplastrc normal lung; 
1, stage I tumors; 3, stage III tumors, t. Immunohistochemical analysis of 
ICIBP-3. MSP-70 and cystatin C in lung and lung adenocarcinomas. 
Cytoplasmic ICI BP- 3 immunoreactivity in a neoplastic gland (tumor 12?) 
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Cystatin C 



Cystatin C 



with prominent apical staining (blue teadant staining, arrow, upper left). 
Diffuse cytoplasmic HSP 70 immunoreactivity (tumor L?7), yet stromal el- 
ements show no reactivity (upper right). Normal lung parenchyma (lower 
left) shows cytoplasmic cystatin C immunoreactivity in alveolar pneumo- 
[yles (arrow) and inlro-alveolar macrophages but tumor (190) shows dif- 
fuse cytoplasmic cystatin C immunoreactivity with prominent apical 
staining (lower right). Magnification, >?00 
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immunoieactivily for both 1GFBP-3 and H5P-70 (Fig. 2c) was de- 
tected in the cytoplasm of the adenocaicinomas, with little de- 
tectable reactivity in the stromal oi inflammatory cells. Cystatin 
C was delected in alveolar pneumocytes and intra-alveolar 
macrophages in non-neoplastic lung parenchyma and also con- 
sistently in the cytoplasm ol neoplastic cells. 

Gene-expression profiles piedict survival 

As expected, Kaplan-Meier suivival curves (Fig. 3o) and log-rank 
tests indicated poorer suivival among stage 111 compared with 
stage I adenocarcinomas (P = <0.0001). Two statistical ap- 
proaches were used to determine whether gene-expression pro- 
files could piedict survival using the data set of 4,966 genes. In 
one approach, equal numbers of randomly assigned stage I and 
stage III tumors constituted training (n= 43) and testing (»= 43) 
sets. In the training set, the top 10, 20, SO or 75 genes were used 
lo create risk indices that were evaluated lor their association 
with survival using the 50th, 60th or 70lh percentile cutoff 
points to categorize patients into high or low groups. The results 
were similar across cutplf points but the 50-gene risk index had 
the best overall association with survival in the training set. 



Fig. 3 Gene-expression profiles and patient survival, a. Relationship be- 
tween tumor stage and patient survival (stage 1 and stage 3 differ signifi- 
cantly, P< 0.0001). i>. Relationship between the survival. in the 43 test 
samples and their risk assignments based on the 50-gene risk index esti- 
mated in the 43 training samples. The high- and low-risk groups differ sig- 
nificantly (f> = 0.024). r. Relationship between patient survival and the risk 
assignments in test samples (in b) conditional for tumor stage. The high- ■ 
and low-risk stage I groups differ significantly (P= 0.028), whereas stage III 
low- and high-risk groups did not (/>= 0.634). d. Relationship between sur- 
vival in the test cases and their risk assignments based on the.86 leave-one- 
out' cross-validation of the 50-gene risk index. The high- and low-risk 
groups differ significantly (/>= 0.0006). e, Relationship between test case's 
risk assignment and survival (in d) conditional on tumor stage. The high- 
and low-risk stage I lung adenocarcinoma groups differ significantly from 
each other (P= 0.003), whereas low- and high-risk stage III tumors do not. 
f, Relationship between tumor class identified by hierarchical clustering and 
patient survival. Survival lor patients in Cluster 3 differed relative to the tu- 
mors in Cluster 2 (P= 0.037) and approached significance for Cluster 1 and 
2 combined (P = 0.06). g. Analysis of the Michigan-based risk index using 
top cross-validated survival genes identify a low- and high-risk group in an 
independent cohort of 84 Massachusetts- based rung adenocarcinomas that 
are significantly different (P = 0.003): h. Among the 62 stage I lung adeno- 
carcinomas in the Massachusetts sample, the high- and low-risk groups dif- 
fered significantly (P = 0.006). 



After conservatively choosing the 60th percentile cutoff point 
from the training set, we then applied this risk index and cutoff 
point to the testing set. The risk index of the top 50 genes cor- 
rectly identified low- and high-risk individuals within the inde- 
pendent testing set (P = 0.024) (Fig. 3f> and Supplementary 
Methods online). Notably, 1] stage 1 tumors were included in 
the high-risk subgroup. When this risk assignment was then 
conditionally examined for stage progression (Fig. 3c), low- and 
high-risk groups among stage I tumors were found to differ (P- 
0.028) in their survival. 

Identification of a robust set of survival genes 
Although predictive of patient survival, a single training-testing 
set may not provide the most robust set of genes due to random 
sampling issues. Therefore, a 'leave-one-oul' cross-validation ap- 
proach was used to identify genes associated with survival from 
all 86- tumor samples. We first developed a 50-gene risk index in 
each training set, and then applied the risk index to the test case 
held out from the full set of tumors and assigned the held out 
tumor to the high- or low-risk groups (Fig. 3d). The high and 
low-risk subgroups determined in the test cases differed signifi- 
cantly in their overall survival (P = 0.0006). Among the larger 
group of stage 1 lung adenocarcinomas, the low-risk (n = 46) and 
high-risk (rr = 21) groups had markedly different survival (P = 
0.003) (Fig. 3e). Table 1 lists selected examples of the cumulative 
top 100 genes derived from this cross-validation procedure 
(complete list in Supplementary Table A online). 

It was also noted that many of the stage I patients in the high- 
risk subgroup (Fig. 3f) were present in Cluster 3 (Fig. 1). 
Kaplan-Meier analysis (Fig. 3/) demonstrated a significantly 
worse survival (/>= 0.037) lor patients in Cluster 3 relative lo pa- 
tients in Cluster 2 and approaching significance for Cluster 1 
and 2 combined (P = 0.06). This further indicates the important 
relationship between gene- expression profiles and patient sur- 
vival, independent ol disease stage. 

Consistent with previous analyses of lung adenocarcinomas", 
40% oi stage I and 57. S% of stage II) tumors had 12th or 13th 
codon K-ruj gene mutations. Those patients with tumors con- 
taining K ins mutations showed a trend of poorer survival, bin 
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Table 1 Selected examples of the top. 100 genes from cross-validation 


Gene name 
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Unigene comment 




(normal versus -. 


Change in tumor 


(stage 1 versus 
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Apoptosis-r elated ' 


CASP4 . 


036 


-6% 


0.02 


57% 


0.0022 


Caspase A, apoptosis- 














related cysteine protease 


P63 


9.73E-04 


•37% 


0.03 


43% 


0.0010 


Transmembrane protein (63 kD), 














endoplasmic reticulum/ 














Colgi intermediate compartment 














Cell adhesion and structure 


KRT7 


8.02E-08 


126% 


0.11 


55% 


0.0003 


Keratin 7 


LAMB1 


0.14 


-20% . 


0.01 


60% 


0.0027 


Laminin, (Jl 
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BMP2 


0.54 


—21 % 


0 27 


47% 


0.0044 


Bone morphogenetic protein 2 


CDC6 


1.31E-05 


1070% 


0.05 


148% 


0.0124 


CDC6 (cell division cycle 6, 














Socchpromyces cereviuoe homolog) 


■51 OOP 


2.10E-08 


1572% 


0.19 


77% 


0.0001 


SI 00 cakrum-binding protein P 


SERPINE1 


2.89E-03 


72% 


0.25 


30% 


0.0008 


Serine (or cysteine) proteinase inhibitor; 














clade E{ncxin). 


STX1A 


8.65E-08 


54% 


0.07 


26% 


0.0031 


Syntaxin 1A (brain) 














Cell signaling 


ADM 


0.05 


39% 


0 04 


1 17% 


0.001 6 


adrenomedullin 


AKAP 12 


■ 8:53E-03 


-47% 


. 0.05 


214% 


0.0010 


A kinase (PRKA) anchor protein (gravin) 12 


ARHE 


0.06 ■ 


-39% 


0.05 


87% 


0.0092 


' ras homolog gene family, member E 


CRB7 


2.02E-03 


38% 


. 0.63 


15% 


0.0030 


Growth factor receptor-bound protein 7 


VECF 


6.50E-08 


. 174% 


0.02 


85% 


0.001 3 


Vascular endothelial growth factor 


WNT10B 


0.05 


31%' 


0.48 


20% 


. 0.0022 


Wingless- type MMTV integration site family. 














member. 1 0B 














.' . 
Cinaper ones 


HSPA8 
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Receptors 


ERBB2 


0.04 


92% 


0.37 


120% 


0.0013 


v-erb-b2 avian erythroblastic leukemia viral 














oncogene homolog 2 


FXYD3 


0.10 


111% 


0.31 


73% 


0.0046 


FXYD domain-containing ion transport 














regulator 3 


SLC20A1 ' 


1 34E-03 


58% 


0.02 


66% 


0.0021 


Solute carrier family 20 (phosphate 














transporter), member 1 














Enzymes, cellular metabolism 


CSTB 


1.57E-04 


50% 


0.15 


34% 


0.0001 


Cystatin B (stelin B) 


C7SL 


0.48 


-10% 


0.03 


67% 


0.0007 


Cathepsin L 


CYP24 


3 1 6E-06 


N/A 


0.97 


2% 


0^0008 


Cytochrome P450, subfamily XXIV 














(vitamin D 24 -hydroxylase) 


'FUT3 


1 .07E-07 


114% 


0.97 


-1% 


0.0033 


Fucosyltransferase 3 (galactoside 3(4)-L- 














fucosyltransferase, Lewis blood group included) 


MLN64 ■ 


0.20 


32% 


0.42 


80% 


0.0007 


Steroidogenic acute legulatory protein related 


PDF. 7 A 


0.12 


33% 


0.01 


-35% 


-0.0187 


Phosphodiesterase 7A 


PLCl 


0.04 


-68% 


0.35. 


- 1 70% 


-0.001 1 


Plasminogen-like 


SIC1A6 


0.07 . 


-32% 


0.12 


86% 


0.0069 


Solute carrier family 1 (high-alfinily aspartate/- 














gtutamate transporter), member 6 














Transcription and translation 


COPEB 


0.10 


-33% 


0.26 


25% 


0.001 6 . 


Core promoter element binding protein 


CRK 


0.10 


32% 


0.03 


4B% 


0.0098 


v-cik avian sarcoma virus CI 10 oncogene 














■ homolog 


RILA 


0.26 


-7% 


0.01 


20% 


0.0034 


v-ret avian reliculoendotheliosis viral 














oncogene homolog A 














Unknown function 


KIAA0005 


2.711-04 


40% 


0.02 


45% 


0.0010 


KIAA0005 gene product 


MCB1 


0.77 


125% 


0.33 


459% 


0.0018 


Mammagtobin I 


BoloVd gcnej writ also jignilk an! lot 


suivival in 43 tumor naming let (Fig. 3b). 









Table 1 Selected examples ol the cumulative lop 100 genes identified using pooier patient outcome. Hie genes aie listed in potential functional categoties. 

tiaining testing, cross-validation ol all 86 lung tumor samples. The percent Cenes thai were also piesenl in the top 50 survival genes using the 43-lumoc 

change, as well as the diiection, lot the average values ol the 10 npn-neoplasoc training set (Fig. 3b) are indicated in bold type. Complete listing ol the gene 

lung to all tumors, and toe the 67 stage I to the 19 stage III tumors are shown. A piobe sets and annotated gene and unigene identifiers can be lound in the 

positive coefficient 13 value is indicative ol a telationship ol gene expression to a , Supplement ary Methods. 
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Fig. 4 Gene expression patterns ol top survival genes o, Gc-ne-expiesiion patterns de- 
lei mined using agglomerative hierarchical clustering of the 86 lung adenocarcinomas 
against the 100 survival-related genes (Table 1) identified by the training-testing, cross- 
validation analysis. Substantially elevated (red) or de<reasecl (gree/t) expression of the 
genes is observed in individual tumors. Some tumois (blaik anew and expanded area) 
.show extremely elevated expression ol specific genes, b. An outlier gene- expression pat- 
tern (>5 times the interquartile range among all samples) is observed lor the ffbB2 and 
KfglA genes (top tell and right, respectively). The SWOP and genes (bottom lett and 
right, respectively) show a graded pattern ol expression related lo patient survival. O, 
alive; dead (also in c). c. The number ol outliers per person identified in the lop 100 
genes plotted by survival distribution. 
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this difference did not reach statistical significance among a)) 
patients (P = 0.25), between patients within tumor clusters (P = 
0.41) or when analyzed separately among stage I (P = 0.22) and 
stage 111 {P- 0.53) patients. Nuclear accumulation of p53 was de- 
tected in 1 7.9% stage 1 and in 22.2% stage 111 tumors. No signifi- 
cant, relationship was observed for p53 staining and patient 
survival, cluster or tumor stage. 

Confirmation using an independent set of adenocarcinomas 
The robustness of our 50-gene risk index in predicting survival in 
lung adenocarcinomas was tested using oligonucleotide gene-ex- 
pression data obtained from a completely independent 
(Massachusetts-based) sample of 84 lung adenocarcinomas (62 

..stage 1, 14 stage II and 8 stage HI; ref. 21, and dataset A at 
www.genome.wi.mit.edu/MPR/Iung). To ensure equivalent 
power for testing and comparability of samples, the criteria for 
including tumors in the analysis were 40% or greater tumor cellu- 
larity, no mixed histology (that is, adenosquamous) and patient 
survival information. To obtain comparative gene-expression 
measures between the two data sets, gene sequences present on 
the U95A and HuGeneFL array were examined, and expression 
data for our top 50 cross-validation genes for all 84 Massachusetts 
samples were obtained and processed" (see. also Supplementary 
Methods online ). When we examined the risk assignment of 
these 84 samples, employing the identical cutoff point used for 
the 86 Michigan-based lung samples, we observed low- and high- 
risk groups (Fig. 3g; P = 0.003). Notably', among the 62 stage I tu- 
mors, high- and low-risk groups were observed that differed 

significantly (P= 0.006) in their survival (Fig! 3/i).. 

Survival genes had graded and outlier expression patterns 

A statistical and graphical analysis of the 100 survival-related 



genes (table 1) clustered against all 86 tumors revealed individ- 
ual tumors with substantially elevated expression in both a lim- 
ited and larger number of genes (Fig. 4a). Among these genes, we 
observed two distinct patterns of expression related to patient 
survival. One pattern, designated 'outlier', included genes show- 
ing substantially elevated expression (greater than five times the 
interquartile range among al) samples), whereas the other pat- 
tern, designated 'graded', was characterized by continuously dis- 
tributed expression with patient survival (Fig. 4b). The erbB2 and 
ReglA genes are examples of outlier expression patterns and 
SWOP and cr* genes of graded patterns. The number of outliers 
per person in the lop 100 genes was identified and plotted ac- 
cording to survival times and events (Fig. 4c). Both stage I and 
stage 111 lung adenocarcinomas showed outlier gene patterns 
and 10 tumors contained' 3 or more outlier genes. 

Because gene amplification may result in increased gene ex- 
pression, the nine genes with outlier expression patterns (erbBZ, 
SJ.CJA6, Wnt ], MGB1, ReglA, AkAP\2, PACE, CYP24, KYNU) 
and one gene with a graded expression pattern (XKT18) were ex- 
amined using quantitative genomic PCR to evaluate genomic 
copy number (Fig. So). Gene amplification of erbB2 (17ql2) was 
detected in tumor L94, which had the highest er6B2 mRNA ex- 
pression (Fig. 4a). Gene amplification was not detected for any 
of the other seven tested genes in tumor L94, as well as in other 
tumors. The two genes most frequently demonstrating the out- 
lier pattern in these lung adenocarcinomas were KYNU and 
CYP24, and were present in. 10 and 9 tumors, respectively. 
C1T24 has been described as a gene amplified and overexpressed 
in breast cancer 25 , and these results indicate elevated expression 
in lung adenocarcinoma. 

To determine whether the graded or outlier gene-expiession 
patterns also occur at the protein-expression level, 10 of the 100 
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fig. 5 Gene amplification and protein expression ol surv'rval-related genes. 
°, Analysis ol potential gene amplication ro> 9 genes showing outlier expres- 
sion patterns in the lung tumors <e,bB2, JICIA6. Wnt 1, MCB^. fteolA 
AKAPU. PACi. OP24 and KYNU) and examined using quantitative genomic 
KR. A gene showing graded expression pattern (HRH 8), and one gene 
(MCM) with a similar chromosome location as PACI. were used as controls. 
Only frbB2 and ReglA are shown. An esophageal adenocarcinoma with 
known high-level genomic amplification ot eroB? was used as a positive con- 
hoi and normal esophagus DNA was used as a negative control (Ctl). PCR 
Iragmcnts sires were 343 bp lor CAPOH, 166 bp lor erbB? and 126 bp lor 



Kegl A. DNA is horn normal lung (N) and tumorfT} horn each patient (loi ex. 
ample 137). b, Immunohijtoc hemic al analysis ol survival related genes with 
lung adenocarcinoma microarrays using the tumors from this study. Ihe 
transmembrane erbB? protein (top leh) expression is substantially increased 
in tumor 194 containing the amplified erbB2 gene (rig. 4oand 6). Expression 
ol VtCF (top right) and S100P (bottom lelt) was located within the neoplas- 
he cells and Ihe pattern ol immunoreactivity was consistent with the giaded 
expiession pattern demonstrated by their mRNA profiles, expression ol the 
oncogene <ik (bottom light) was abundantly expressed in neoplastic lung 
cells. Magnification, x400 (eibB?); x200 (VtCf. S1O0P and crk). 
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lop survival genes (Table ]) for which specific antibodies were 
available were chosen for immunohistochemical analysis using 
lung-tumor arrays from this study (Fig. 5b). Expression of mem- 
brane eibB2 protein was substantially increased in the cr6B2-am- 
plified tumor L94 and very low levels of expression were present 
in other tumors, consistent with mRNA-expression measure- 
ments (Fig. 4o and b). CDC6 protein expression was also sub- 
stantially higher in tumor L94; consistent with mRNA levels 
(data not shown). Expression of vascular endothelial growth fac- 
tor (VEGF) and SIOOP (Fig. Sb), as well as cytokeratin 18 (KRT18), 
' cytokeratin 7 (KRT7) and fas-associated death domain (FADD) 
protein (data not shown), was located within the lung tumor 
cells and consistent with the graded expression pattern of the 
mRNA profiles. The oncogene crk showed both graded mRNA as 
well as a graded protein-expression pattern with survival, and 
was abundantly expressed in the tumor cells (Fig. 5b). These re- 
sults indicate that many survival-associated genes are expressed 
at the protein level and demonstrate similar mRNA and protein- 
expiession patterns. 

Discussion ■ 

• We used several approaches for the analysis of gene-expression 
data related lo clinicopathological variables and patient sur- 
vival.. One approach, hierarchical clustering, was used to exam- 
ine similarities among lung adenocarcinomas in their patterns 
of gene expression. Previous studies of lung tumors 2 '- 22 have also 
used this method to describe subclasses of lung tumors. Here, 
we found three clusters that showed significant differences with 
respect to tumor stage and tumor differentiation. This suggests, 
as expected, that tumors with similar histological features of 
differentiation demonstrate similarities in gene expression. 
This feature also partly underlies the observed statistical associ- 
ation ol tumor stage and cluster, as many of the higher-stage tu- 
mors, often poorly differentiated and previously associated 
with a reduced survival'"', were located in Cluster 3. Although 
. this cluster, contained the highest percentage ol stage 111 tu- 
mors, it also contained a nearly equal mixture of stage I and 
stage 111 tumors and not all tumors were poorly differentiated. 
This indicates that a subset of stage I lung adenocarcinomas 
share gene-expression profiles with higher-stage tumors. 
Notably, 10 of the II stage 1 tumors found in Cluster 3 were the 
high-risk stage I tumors identified using the risk index in the 
'leave-one-out' cross-validation. 

In contrast to previous analyses of lung adenocarcinomas 21 ", 
we validated the expression data from the arrays. The strong cor- 
relation of nortbern-blol analysis and oligonucleotide-array data 
lor gene expression in the same samples (Fig. 2b) indicates that 
these studies provide robust gene-expression estimates. 
Immunohistochemistry using the same tumor samples in tissue 
arrays demonstrates protein expression within the lung tumor 
cells. Together, Ihese studies indicate that many of the genes 
identified using gene-expression profiles 3re likely relevant to 
lung adenocarcinoma. Foi example, IGFBP3 gene expression is 
increased in lung adenocarcinomas (Fig. 2c). 1GFBP3 protein 
modulates the autocrine or paracrine ellecls of insulin-like 
gtowth laclors, elevated ICFBP3 expression is observed in colon 
cancer", and increased serum IGFBP3 is associated with progres- 
sion in breast cancer 2 '. Heat-shock protein 70 (H5P-70) is in- 
creased in lung adenocarcinomas of smokers" and is associated 
with increased metastatic potential in breast cancer 2 '. Increased' 
serum lactate dehydrogenase is correlated with tumor stage and 
tumor burden™, and cyslatin C, a cysteine protease inhibitor ex- 



pressed in human lung cancers 3 ', is prognostic in some cancers 32 . 
The decreased expression of this protease inhibitor may affect 
the invasive properties of the tumor cell. 
. The cross-validation analytical strategy we used is particularly 
informative for these types of gene-expression analyses for dis- 
ease outcome"- 3 *, and identification of cross-validated genes with 
a larger tumor cohort may help refine this risk index for use in a 
clinical setting. The gene-expression data also provide opportune 
ties to observe overarching patterns that advance our under- 
standing of associations between genes and disease. For example, 
the top 100 survival genes include those involved in signaling; 
cell cycle and growth,, transcription, translation and metabolism. 
Expression of many of these genes is likely a function of increased 
proliferation and metabolism in the more aggressive tumors. 
Some genes, such as erbB2 and ReglA (Fig. 4a and b), were highly 
overexpressed in a few patients having poor survival. In one 
tumor, the erbB2 gene was amplified (Fig. So), demonstrating that 
genomic changes may underlie the overexpression of a subset of 
these outlier genes. Immunohistochemistry confirmed protein 
overexpression in this patient's tumor (Fig. 5b). Notably, seven of 
the eight outlier genes were not amplified, indicating that other 
mechanisms underlie the increased mRNA expression of these 
survival-related genes. 

Most genes showed a graded relationship between expression 
and patient survival. Genes such as that encoding VEGF, known 
to be strongly associated with survival in lung cancer"- 34 were 
identified as related to patient survival in our study. VEGF . 
demonstrated a graded expression pattern, as did the S100P and 
crk oncogene (Fig. 5b). S100P is a calcium-regulated protein not 
previously reported in lung cancer. The crk gene, the cellular ho- 
molog of the v-crk oncogene, is a member of a family of adaptor 
proteins involved in signal transduction and interacts directly 
with c-jun N-terminal kinase 1 (JNK1) 3 '. Although crk has not 
been shown to have a role lung cancer, its role in the MAP-ki- 
nase pathway, which leads to activation ol matrix metallopro- 
leinase secretion and cell invasion 3 *, indicates potential 
involvement in the the tumor cell invasion or metastasis of 
some lung adenocarcinomas. Among the many genes identified 
in this study, like crk, that may be causally involved in lung can- 
cer progression (Table 1), some were related to survival in many 
patients, and others in only smaller subsets of patients. This re- 
sult is consistent with the complex molecular architecture of tu- 
mors in general, the heterogeneity of lung adenocarcinomas in 
particular and the multiple mechanisms underlying tumor-cell 
survival, invasion and metastasis 3 '. 

Our results demonstrate that a gene-expression risk profile— . 
based on the genes most associated with patient survival— can 
distinguish stage 1 lung adenocarcinomas and diflerentiate prog- 
noses. The particular genes that define the clusters, or are associ- 
ated with survival, likely reflect the characteristics of the 
particular tumors included in the analysis. Current therapy for 
patients with stage 1 disease usually consists of surgical resection 
without adjuvant treatment 21 . Clearly, the identification ol a 
high-risk group among patients with stage I disease would lead 
to consideration ol additional therapeutic intervention lor this 
group, possibly leading lo improved survival ol these patients. 

Methods 

Patieni population. Sequential patients seen al ihe Univeisily ol Michigan 
Hospital between May 1994 and July 2000 lor stage I or stage III lung ade- 
nocarcinoma were evaluated lor this study. Consent was icceived and the 
pioject was approved by Ihe local Institutional Review Board. Primary lu- 
mois and adjacent non neoplastic lung tissue were obtained at the lime ol 
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surgery. Peripheral portions of resected long carcinomas were sectioned, 
evaluated by a study pathologist and compaied with routine H&E sections 
of the same tumors, and utilized for mRNA isolation. Regions chosen for 
. analysis contained a tumor. celhrlarity greater than 70%, no mixed histol- 
ogy, potential metastatic origin, extensive lymphocytic infiltration or fibro- 
sis. Tumors were histopathologically divided into .two categories based on 
their growth pattern: bronchial- derived, if they exhibited invasive features 
with architectural destruction, and bronchioloalveplar, if they exhibited 
preservation of the lung architecture. AH stage I patients received only sur- 
gical resection with intra- thoracic nodal sampling and no other treatments. 
Stage. Ml patients received surgical resection plus chemotherapy and radio- 

© " therapy. 

[o 

"o Cene-expression profiling and K-ros mutation analysis. RNA isolation, 
E cRNA synthesis and gene- expression profiling ' were performed as de- . 

2 . scribed**. Details of gene annotation and K-ros mutation analysis are pro 

vided in supplementary" information. 

c 

| Northern-blot analysis. Total cellular RNA (10 pg) was separated in 1 .2% 
\Jj agarose-lormaldehyde gels and vacuum-transferred to Gene Screen Plus 

3 (NEN Life Science Products, Boston, Massachusetts); Hybridization condi- 
tions and probe labeling were as described* 0 . Individual sequence-validated 

> cDNA image clones for human IGfBPZ (done 1407750), IDH-A (clone 

1 ' 2420241), cystatin C (OS3; clone 949938) were from Research Genetics 
. (Huntsville, Alabama). The human histone H4 cDNA and the 28$ ribosomal 

£ RNA 26-mer oligonucleotide probe were prepared and labeled as de- 

^ scribed*". 

o. 

o Gene-amplification analysis. 1 1 genes were selected lor the analysis of ge- 
O ' nomic alterations. Primers were designed using PrimerSelect 4.05 Windows 

D> 32 software (DNASTAR, Madison, Wisconsin), avoiding pseudogenes or po- 
~ tential homologous regions. Forward and reverse primers for the genes are 
• .2 provided (Supplementary Methods online). Quantitative genomic-PCR was 
•o then applied and analyzed as described*'. 
D_ 

© Immunohistochemical staining. The H&E- stained slides of all primary 
3- lung tumors were used to identify the most representative regions ol each . 

2 tumor and a tissue microarray (TMA) block was constructed as described 41 . 
Immunohistochemistry (IHC) was performed using both routine and sec- 

§ tions Irom the IMA block as described'*. Detailed methods and the con- 
M centtations used for all antibodies are provided in the Supplementary 
® Methods. 

Statistical methods, r- tests were used to identify differences in mean gene- 
f^jSf expression levels between comparison groups. Agglomerative hierarchical 
~ clustering*' was applied using the average linkage method to investigate 
whether there was evidence for natural groupings of tumor samples based 
.on correlations between gene-expression profiles.. To investigate the ro- 
bustness of the clustering inference, gene-expression values were per- 
turbed by adding random Gaussian error of magnitude obtained from a 
duplicate sample lo each data point and then reclustered to determine con- 
cordance in the tumor's class membership. Pearson, x* and fisher's exact 
tests were used lo assess whether cluster membership was associated with 
physical and genetic characteristics ol the tumors. 

To determine whether gene-expression profiles were associated with 
variability in survival times, 2 separate but complementary approaches 
were used. In the first approach, the 86 tumors were tandomly assigned to 
equivalent tiaining and testing sets consisting of equal numbers of stage I 
and III tumors in order to validate a novel risk-index function that captured 
the effect of many genes at once ; In the second approach, cross* validation" 
was used to more robustly identify the genes associated with survival. 
Biielly, a 'leave- one- out' cross-validation procedure in which 85 of the 86 
tumors (the training set) was used to identify genes that were uhivaiialely 
associated with survival. The risk index was defined as a linear combination 
of the gene- expression values for the top genes identilied by univariate Cox 
proportional- hazard regression modeling", weighted by their estimated re- 
gression coefficients. Kaplan-Meier survival plots and log-rank tests were 
then used lo assess whether the risk-index assignment to high/low cate- 
gories was validated in the test set. A more detailed cJcsc ilplion is provided 
(Supplementary Methods online). 



Note: Supplementary information is ovoilobfe on the Nature Medicine website. 
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Rapid quantitation of proinflammatory and chemoattractant cytokine 
expression in small tissue samples and monocyte-derived dendritic cells: 
validation of a new real-time RT-PCR technology. 

Blaschke V, Reich K. Blasclike S. Zipprich S , Neumann C . 

Department of Dermatology, von-Siebold-Str. 3, D-37075, Goettingen Germany 
vblasch@gwdg;de 

the analysis of cytokine profiles plays a central part in the characterization of disease- 
related inflammatory pathways and the identification of functional properties of immune 
cell subpopuiations. Because tissue biopsy samples are too small to allow the detection of 
cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions. RT-PCR itself is a qualitative method, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
method is quantitative competitive RT-PCR, based on internal shortened standards 
Recently, online real-time PCR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for the analysis of cytokine, 
gene expression in different experimental in vitro and ex vivo settings. First we 
compared quantitative competitive RT-PCR with real-time RT-PCR in the quantitation of 
transection levels of the CD4(+) cell-specific chemoattractant Interleukin-16 during the 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
both methods. Second, differences in the amounts of IL-16 mRNA in synovial tissue 
from patients with rheumatoid arthritis and osteoarthritis as assessed by real-time RT- 
PCR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally we 
employed real-time RT-PCR to study the cutaneous expression of several cytokines ' 
during experimental immunomodulatory therapy of psoriasis by Interleukin-10 and 
demonstrate that the technique is suitable for pharmacogenomic monitoring. In'summary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated by 
quantitative competitive RT-PCR. 

Publication Types: 

• Evaluation Studies 
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Butyrate-induced reversal of dexaraethasone resistance in autonomous rat 
Nb2 lymphoma cells. 

Buckley AR , Krumenacker JS . Buckley DJ . Leff MA . Magnusou NS . Reed JC . 
IVtiyashita T. de Jong G , Gout PW . 

Department of Pharmacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckley@mail.med.und.nodak.edu 

The parental rat Nb2 lymphoma is a prolactin (PRL)-dependent T cell line. Exposure of a 
PRL-independent subline, Nb2-SFJCD I , to sodium butyi-ate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCD1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment with NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in Nb2-SFJCD1 cells exposed to DEX (100 nM) for 12 h, 
assessed by flow, cytometric analyses of DNA fragmentation. However, the cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, there was a strong correlation between 
the resistance to DEX-activated apoptosis and their enhanced expression of pim-1 mRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest the pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Alterations in neuropeptide Y levels and Yl binding sites in the Flinders 
Sensitive Line rats, a genetic animal model of depression. 

Caberlotto L . Jimenez P. Overstreet PH . Hurd YL. Mathe A A . Fuxe K . 

Department of Neurosci ence, Karolinska Institute, Stockholm, Sweden. 

Previously, we observed specific alterations of neuropeptide Y (NPY) and Yl receptor 
mRNA expression in discrete regions of the Flinders Sensitive Line rats (FSL), an animal 
model of depression. In order to clarify the correlation between mRNA expression and 
protein content, radioimmunoassay and receptor autoradiography were currently 
performed. In the FSL rats, NPY-like immunoreactivity (NPY-LI) was decreased in the 
hippocampal CA region, while Yl binding sites were increased; NPY-LI was increased 
in the arcuate nucleus. Fluoxetine treatment elevated NPY-LI in the arcuate and anterior 
cingulate cortex and increased Y 1 binding sites in the medial amygdala and occipital 
cortex in both strains. No differences were found regarding the Y2 binding sites. The 
results demonstrate a good correlation between NPY peptide and mRNA expression, and 
sustain the possible involvement of NPY and Yl receptors in depression. 
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Neurokinin 1 receptor and relative abundance of the short and long 
isoforrns in the human brain. 

Caberlotto L.jjurdYL, Murdoch: P , Wahlin JQP . Mgjotto S . Gorsi M , Carlctti R . 

Department of Biology, Psychiatry CEDD, GlaxoSmithKline Medicine Research Centre 
Verona, Italy. Laura.L.CaberIorto@gsk.com 

Substance P exerts its various biochemical effects mainly via interactions through 
neurokinin-l receptors (NK1). Recently, the NK1 receptor has, attracted considerable 
interest for its possible role in a variety of psychiatric disorders including depression and 
anxiety. However, little is known regarding the anatomical distribution of NK1 in the 
human central nervous system (CNS). Riboprobe in situ hybridization, quantitative PCR 
and in vitro autoradiography were performed. Highest NKl mRNA levels were localized 
in the locus coeruleus and ventral striatum, while moderate hybridization signals were 
observed in the cerebral cortex (most abundant in the visual cortex), hippocampus and 
different amygdaloid nuclei. Very low levels of the NKl mRNA were detected in the 
cerebellum and thalamus. In view of the existence of a long and short isoform of the NKl 
receptor, it was of interest to assess whether there was a differential distribution of the 
two splice variants in the human CNS and peripheral tissues. A quantitative TaqMan 
PCR analysis showed that the long NK I isoform was the most prevalent throughout the 
human brain, while in peripheral tissues the truncated form was the most represented. 
3H-Substance P. autoradiography revealed a good correlation between receptor binding 
sites and NKl mRNA expression throughout the brain, with the highest levels of binding 
in the locus coeruleus. These results provide the anatomical evidence that the NKl 
receptors have a strong association with neuronal systems relevant to mood regulation 
and stress in the human brain, but do not suggest a region-specific role of the two 
isoforrns in the CNS. 
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Characterization of cyclin D2 expression in human endometrium. 

• Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
Un.vers.ty School of Medicine, Seoul, South Korea. dschoi^mc^sunJcoT 

Tor^LZ^ StUd J ^ Uadertaken t0 investi ^ cydin D2 mRNA and protein 
expression in human endometnum during the menstrual cycle. METHODS- Endometrial 
samples were obtained front 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups aceordmg to histologic dating: early proliferative (n = 3), mid to J^XvT 

D2 mlWA and protem expression were analyzed using reverse transcriptase-polymerase 
cham reactmn, Western blotting, and immunohistochemistry. RESULTS- Cyclin M 

^rSnfp^ T***- ' m hUman endometriaI taghout the menstrual 
cycle Gyclin D2 mRNA and protem expression of proliferative phase endometrium were 
sigmficantly h.gher ftan those of secretory phase endometrium (P <05). ST 
mten .ty of cyclm D2 in proliferative phase endometrium was higher than ma tin 
secretory phase (P<.05). Cyclin D2 mRNA level showed good chelation with cyclm 
D2 protem level (R = 0.579, P <.03), and cyclin D2 protein also showed gocJd IStion 
will. | mmmnoh.stochemical staining intensity (R = 0*562, P <.03). CONCLUSrON 
SdR^Z C T SSed ^ hUman end0metrium *«>«8hout the menstrual cycle. Cyclm 

esLc^vinl/™ T W 7f 3t leVdS in P rolifera ^ phase endonJL, 

especially ,n the early proliferate phase, and then decreased in the secretory phase. 
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Human chorionic gonadotrophs beta expression in malignant Barrett's 
oesophagus. 

Couvclard A , Paraf F , Vidaud D , Dubois S , Vidaud M . Flejou JF , Degott C . 

Service d'Anatomie Pathologique, Hopital Beaujon, 921 18 Clichy cedex, France. 
arme.couvelard@bjn.ap-hop-paris.fr 

BACKGROUND: Human chorionic gonadotrophin beta (hCGbeta) is expressed in 
several non-trophoblastic tumours, and this is usually associated with aggressive 
behaviour. Little is known about hCGbeta expression in Barrett's adenocarcinoma. 
MATERIALS AND METHODS: We determined the hCGbeta profile in a large series of 
surgically resected Barrett's adenocarcinoma (a) at mRNA level using real-time 
quantitative reverse-transcription polymerase chain reaction analysis and (b) at protein 
level using immunolnstochemistry with a polyclonal antibody and with a monoclonal . 
antibody specific for free hCGbeta. We then sought links between the hCGbeta protein 
expression pattern and clinical and pathological parameters, including patient outcome as 
well as vascular endothelial growth factor (VEGF) expression. RESULTS: hCGbeta 
protein expression was observed in 43 of 76 (57%) Barrett's adenocarcinomas. We 
showed a strong correlation between hCGbeta protein abundance and CGB mRNA level. 
We observed a statistical link between hCGbeta protein expression and infiltrative 
tumour type ( P=0.023), perineural neoplastic invasion ( P=0.007) and VEGF protein 
expression ( P=0.016). hCGbeta expression tended to be associated with a poor outcome 
(16% versus 36% survival 8 years after resection). CONCLUSION: Expression of . 
hCGbeta correlates with specific infiltrative characteristics and is associated with higher 
VEGF expression. Both molecules may play a co-ordinated role in the development of 
Barrett's adenocarcinomas. 
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Downregulation of ENaC activity and expression by TNF-alpha in alveolar 
epithelial cells. 

gafgnajsA FjxchcttcR, YamagataY, YgmagataT, Carniet JF. Clermont ME 
Brochiero E . Masse C . Berthiaume Y . " — — ' 

Sow^^^ 6 ' CHUM - Hote| -Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
Hzw 11/. andre.dagenais.chum@ssss.gouv.qc.ca 

Sodium absorption by an amiloride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In this study we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
in several lung pathologies, could modulate sodium absorption in cultured alveolar 
epithelial cells. We found that TNF-alpha decreased the expression of the alpha- beta- 
and gamma-subumts of epithelial sodium channel (ENaC) rnRNA to 36 43 and'l6% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
atd 6 W3S "° ,m P act ' how ever, on alpha(l) and beta(l) Na(+)-K(+)- 

ATPase mRNA expression. Amiloride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 and 39% of the controls. A strong correlation 
was found at dtfferent TNF-alpha concentrations between the decrease of amiloride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on the capacity of alveolar epithelial cells to transport sodium. 

PMDD: 14514522 [PubMed - indexed for MEDLINE] 
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Involvement of the CCNDl gene in hairy cellleukemia. 

j^BocrCJ, Kluin-Neleinaris JC, DreefE , Kester MG . Kluin PM. Schuuring E vaa 
Krieken JH . — ' 

Department of Pathology, University o f Leiden, The Netherlands. 

BACKGROUND: Previous results suggested increased mRNA expression of CCND1 in 
hairy cell leukemia (HCL). The CCNDl gene is involved in the t(l l;14)( q 13 q 32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to other B-cell lymphomas, almost all 
MCL have over-expression of the CCND1 gene with a good correlation between RNA 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by immunohistochemistry (IHC) on formalin-fixed paraffin 
embedded tissues. PATIENTS AND METHODS: To investigate whether the CCND1 
gene is involved in HCL, we performed IHC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-l locus and the CCND1 gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCNDl was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5. cases. Pre-existing B- and T-cell areas 
of the spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCNDl gene 
with both methods. No genomic abnormalities were observed in any of the 13 cases 
studied by Southern blot analysis. Additionally, no I lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: The elevated levels of CCNDl 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-l locus distinguish HCL from MCL and other B-cell malignancies This suggests 
that activat.on of the CCNDl gene in HCL is due to mechanisms other than chromosomal 
rearrangement. ' 
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In hi bin aud activia production and subunit expression in human placental 
cells cultured in vitro. 

Debicvc F, Pampfcr S , Thomas K . 

Department of Obstetrics and Gynecological Endocrinology, Universite Catholique de 
Louvain, 1200 Brussels, Belgium. 

Inhibins and activins are dimeric proteins, with each subunit being one of three related 
protein subunits (alpha, betaA or betaB). The mRNA levels of these subunits were 
studied quantitatively during in- vitro differentiation of human cytotrophoblast cells into 
syncytium, using Northern blot analysis and semi-quantitative reverse transcription- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inhibin A, B, pro 
alphaC and activin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h (PO.001) while the betaA subunit was 
weak before plating and increased at 24 h. The betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, with no significant variations in culture medium. There 
was a good correlation between inhibin A and alpha subunit expression (r = 0.736, 
PO.001), as well as between activin A and betaA subunit expression (r = 0.755, 
PO.001). This study showed that mRNA expression parallels protein synthesis of inhibin 
and activin in trophoblast cells; Inhibin A synthesis appears to be dependent on alpha 
subunit mRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophoblast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophoblast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of cell fusion. 
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Expression of membranc-type matrix metalloproteinases 4, 5, and 6 in 
mouse corneas infected with P. aeruginosa. 

Dong Z, Katar M , Alousi S, Berk RS . 

Department of Immunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfield, Detroit, MI.48201, USA. 

PURPOSE: To investigate the expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: C57BL/6J mice were intracorneally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by 'RT-PCR and immunoblot analysis. Immunohistochemical 
staining was performed to .localize the expression of MT4- and MT5-MMP in the mouse 
corneas, RESULTS; Expression of MT4- and MT5-MMP was detected in the normal 
(uninfected) cornea by RT-PCR and immunoblot analysis/When infected with P. 
aeruginosa, the corneas showed-significant induction of each MT-MMP. Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the : 
epithelial tissue in the normal comea, whereas the induced expression of MT4- and MT5 
MMP was predominantly i n the substantia propria, which contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upregulated in thelnfected corneas. CONCLUSIONS: Expression of MT4-, MT5-, 
and MT6-MMP was induced in corneas infected with P. aeruginosa. 
Immunohistochemistry showed predominant immunoreactivity of MT4- and MT5-MMP 
jn the substantia propria. Previous histologic studies have revealed different patterns of 
inflammatory cell infiltration with an increased number of polymorphonuclear 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpressiori of the MT-MMPs in the infected corneas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages and 
PMNs may play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destruction of corneal tissue. 
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Assessment of proliferative activity iu colorectal carcinomas by 
quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). 

Duchrow M Hasemcycr S . Broil R , Bructi HP , Windhovel U . 

Surgical Research Laboratory, Surgical Clinic, Medical University o f Lubeck, 
Ratzeburger Allee 160, D-23538 Lubeck, Germany. 

The monoclonal antibody fG-67 and the isospecific monoclonal antibody MIB-1 are 
routinely used in oncology to assess the proliferation index of tumor cells. A more 
objective and sensitive method is the determination of the of FCi-67 protein-specific 
mRNA by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). In 25 
resected colorectal adenocarcinomas of different stages and grades we determined 
between 0.2 and 4.4 amol (I0(-18) mol) Ki-67 protein-specific mRNA per microgram 
total RNA (median = 0.88 amol). The corresponding Ki-67 indices (expressing the 
percentage of Kj-67/MIB-I positive tumor cells) ranged from 41 to 81% (median = 61%). 
We found a good correlation between Ki-67 index and mRNA expression (r = 0.75), a 
significant correlation between both data and tumor stage (primary tumor, regional nodes, 
metastasis [pTNM] staging classification) (p < 0.001), but not between both data and 
tumor grade. Both Ki-67 indices (p = 0.05) and mRNA levels (p = 0.014) correlated 
significantly to the patients' survival. These results demonstrate that the KU67 protein- 
specific quantitative RT-PCR is a useful method for the characterization of tumor cell 
proliferation. 
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Molecular characterisation of carbohydrate digestion and absorption in 
equiue small intestine. 

Dyer J . Fcraandcz-Castano MeredLz E . Salmon KS , Proudman CJ . Edwards GB , 
Shirazi-Becchcy SP . 

Department of Veterinary Preclinical Sciences, University of Liverpool, UK.. 

Dietary carbohydrates, when digested and absorbed in the small intestine of the horse, 
provide a substantial fraction of metabolisable energy. However, if levels in diets exceed 
the capacity of the equine small intestine to digest and absorb them, they reach the 
hindgut, cause alterations in microbial populations and the metabolite products and 
predispose the horse to gastrointestinal diseases. We set out to determine, at the 
molecular level, the mechanisms, properties and the site of expression of carbohydrate 
digestive and absorptive functions of the equine small intestinal brush-border membrane. 
We have demonstrated that the disaccharidases sucrase, lactase and maltase are expressed 
diversely along the length of the intestine and D-glucose is transported across the equine 
intestinal brush-border membrane by a high affinity, low capacity, Na+/glucose 
cotransporter type 1 isoform (SGLT1). The highest rate of transport is in duodenum > 
. jejunum > ileum. We have cloned and sequenced the cDNA encoding equine SGLT1 and 
alignment with SGLT1 of other species indicates 85-89% homology at the nucleotide and 
84-87% identity at the amino acid levels. We have shown that there is a good correlation 
between levels of functional SGLT1 protein and SGLT1 mRNA abundance along the 
length of the small intestine. This indicates that the major site of glucose absorption in 
horses maintained on conventional grass-based diets is in the proximal intestine, and the 
expression of equine intestinal SGLTl along the proximal to distal axis of the intestine is 
regulated at the level of mRNA abundance. The data presented in this paper are the first 
to provide information on the capacity of the equine intestine to digest and absorb soluble 
carbohydrates and has implications for a better feed management, pharmaceutical 
intervention and for dietary supplementation in horses following intestinal resection. 
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Suppressors of cytokine signaling proteins are differentially expressed in 
Thl and Th2 cells: implications for Th cell lineage commitment and 
maintenance. 

Egwuagu CE , Yh CR, Zhang M , Mahdi RM, Kim SJ, GcryJ. 

Laboratory of Immunology, National Eye Institute, National Institutes of Health, 
Bethesda, MD 20892, USA. emeka@helix.nih.gov 

Positive regulatory factors induced by IL-12/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells. These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Thl/Th2 lineage commitment and maintenance. 
Weshow here thatCD4(+) naiveT cells constitutively express low levels of SQCS1, 
SOCS2, and SOCS3 mRNAs. These mRNAs and their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling. We further show that 
differentiation into Thl orTh2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCS1 expression is 5-fold higher in Thl 
than in Th2 cells, whereas Th2 cells contain 23-fold higher levels of SOCS3. We also 
demonstrate that IL-12-induced STAT4 activation is inhibited inTh2 cells that express 
high levels of SOCS3 whereas IL-4/STAT6 signaling is constitutively activated in Th2 
cells, but not Thl cells, with high SOCS1 expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Th cells may 
derive in part,, from SOCS3- or SOCS I -mediated repression of IL-12/STAT4- or IL- 
4/STAT6 signaling in Th2 and Th I cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression and differentiation into the Th l orTh2 
phenotype, SOCS1 and SOCS 3 proteins are therefore Th lineage markers that can serve 
as therapeutic targets for immune modulation therapy! 
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Intravitreal invading cells contribute to vitreal cytokine milieu in 
proliferative vitreoretinopathy. 

Et-Ghrablv IA . Dua HS . OrrGM. Fischer D . Tighe PJ . 

Larry A Donoso Laboratory for Eye Research, Department of Ophthalmology, University 
of Nottingham, UK. ' ■ 

AIM: To examine the contribution of infiltrating cells in the local production of cytokines 
within the vitreous of patients with proliferative vitreoretinopathy (PVR) ; METHODS: 
The presence of mRNA coding for IL'-6, IL-8, IL-lbeta, IL-1 alpha, TNFalpha, 
IFNgamma, IL-1 2, and HPRT was investigated jn 25 vitreous samples from patients with 
PVR, 1 1 vitreous samples from patients with retinal detachment (RD) not complicated by 
PVR, and .10 vitreous samples from patients with macular hole (MH). A quantitative 
reverse transcriptase polymerase chain reaction (RT-PCR) using art internal competitor 
was used to investigate these samples. From these samples, 15 PVR, & RD, and 8 MH 
were analysed for the" protein levels of the same cytokines using eniyme linked 
immunosorbent assay (ELISA). Spearman correlation was used to test any association 
between mRNA and cytokine protein levels? as an indicator of the contribution these cells 
make to the intravitreal cytokine milieu. RESULTS: A strong correlation was found 
between mRNA and their respective cytokine levels ^(protein products) for IL-6, IL-8, IL- 
lbeta, IL-1 alpha, TNFalpha, IFNgamma (Spearman r = 0:83, 0.73, 0.67, 0.91, 0 73, and 
0.73 respectively), but not for IL-12. The median levels of IL-6, IL-8, IL-lbeta, and 
IFNgamma mRNA and their respective cytokines were significantly higher (p <0.05) in 
patients with PVR than in those with macular" hole. There was no statistically significant 
difference in the median levels of IL-1 alpha mRNA between PVR and MH but the 
cytokine IL-lalpha was detected at a significantly higher level in PVR compared with 
MH patients. Between PVR and RD patients, there was no statistically significant 
difference in mRNA levels for all the investigated cytokines (p >0.05) except for IL-6 
where there was a statistical significance (p= 0.038). In contrast, the median levels of IL- 
6, IL-8, and IL-lbeta cytokines were significantly higher (p <0.05) in patients with PVR 
than in those With RD, whereas for IL- 1 alpha and IFNgamma no significant statistical 
difference was detected between PVR and RD patients (p >0.05). When results of RD 
and MH patients were compared, a statistical difference was only detected in mRNA 
levels of INFgamma (p = 0.008). However, no difference was detected for INFgamma 
(protein product) or for any of the other cytokines between RD and MH patients. 
CONCLUSION: Levels of both protein and mRNA encoding IL-6, IL-8, IL-lbeta, and 
IFNgamma is significantly increased in vitreous samples from patients with PVR. The 
strong correlation between ELISA detectable cytokines (protein products) and their 
respective mRNA levels suggest that intravitreal, invasive cells are the major source of 
these cytokines, with the exception of IL-1 2. Cells invading the vitreous do not appear to 
locally produce IL-12 mRNA. This would appear to implicate cells peripheral to the 
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vitreal mass as the major source of this cytokine. 
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Modulation of the glutamatergic receptors (AMPA and NMD A) and of glutamate 
vesicular transporter 2 in the rat facial nucleus after axotomy. 

Eleore L. Vassias I . Vidal PP . de Wacle C 

f -Paris V), ESA 7060, Centre Universitaire des Saints-Peres, 45 rue des Saints- 
Peres, 75270 Paris Cedex 06, France. 

Facial nerve axotomy is a good model for studying neuronal plasticity and regeneration in the 
peripheral ^nervous system. We investigated in the rat the effect of axotomy on the different 
subunits of excitatory glutamatergic AMPA (GLuRl-4), NMDA (NR1, NR2A-D) receptors post- 
synaptic density 95, vesicular glutamate transporter 2, beta catenin and cadherin. mRNA levels 
TfuFT*/ T° n were J" 31 ^ l > 3 ? 8, 30 and 60 days after facial nerve axotomy by in 
situ hybridization and immunohistofluorescence. mRNAs coding for the GLuR2-4 NR1 NR2A 
B, D subunits of glutamatergic receptors and for post-synaptic density 95, were less abundant after 
axotomy The decrease began as early as 1 or 3 days after axotomy; the mRNAs levels were 
towest 8 days post-lesion, and returned to normal or near normal 60 days after the lesion. The 
NR2C subumt mRNAs were not detected in either lesioned or intact facial nuclei 
ImmunoWstochemistry using specific antibodies against GLuR2-3 subunits and against NR1 
confirmed tfus down-regulation. There was also a large decrease in vesicular glutamate transporter 
2 immunostaining ,n to axotomized facial nuclei at early stages following facial nerve section In 
contrast, no decrease of NR2A subunit and of posf-synaptic density 95 could be detected at any 
Ume following the lesiori;beta Catenin and cadherin immunoreactivity pattern changed around the 
\ S f ^ rao J on<;uron fe y da y 3 after axotomy, and then, tends to recover at day post- 
lesion 60 days. Therefore, our results suggest a high correlation between restoration of 
nerve/muscle synaptic contact, synaptic structure and function in facial nuclei. To investigate the 
mechanisms mvolved in the change of expression of these proteins following axotomy the facial 
nerve was perfused w,th tetrodotoxin for 8 days. The blockade of action potential significantly 
decreased GLUR2-3, NR1 and NR2A mRNAs in the ipsilateral facial nuclei. Thus JotomT 
induced changes in mRNA abundance seemed to depend partly on disruption of activity. 
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Department of Medical Cell Biology, University of Uppsala, Sweden. 

embryogenes.s ,s unknown, but an involvement of radical S^^S^e 

on the celmlar vd ^^f^l^ C S | ,,nd anti ° Xidant defence danisms 
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™htih°« ° f eStr0gen reCept ° r by gr ™ tb horraone and glucocorticoid 
substation in primary cultures of rat hepatocytes. 

Freyschuss B , Stavrcus Evers A .^hl^ i^^^ 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

"SSS^? K T°u m r ' iate ^°g^^s on mammaUan liver 
metabolism and are thereby involved in the regulation of important 

physiological/pathological processes, such as coagulation, atherosclerosis, and 

hypertension. The regulation of the formation of the ER in primary cultures of rat 

bTndinl Th c °ncenUat,on was measured using two different methods, a ligand- 

SSS ?T , ^ ER en2yme imrau ~y- The results obtained by he two 

SSSnfSS'fS COtre!ati ° n - ** linear regreSSi0n aml ^ s ^ e a Elation 
coefficient of 0.95. ER concentrations fell to low steady state levels within 16 h after 

fishing the ce. culture and remained low in the absence of hormonal subsdmtL 

f dSS TST P f T ta «o n PitUit3ry GH ^ ^ 8'^^icoid dexamethasone 
7 n ^ ? COmbinatlon > the ER concentration increased 6-fold from 4.2 +/- 1 0 to 25 8 +/- 

11^ I™* Cyt Z S ™ Pr ° tein - ER mRNA Was measured b y soluti ^ hybridization ' 
SubstiUihon with GH and DEX in combination increased ER mRNA to 210 +/- 14% of 

coSdeT^Mh I °" ER ^ RNA StabH,ty WaS Seen after hormone t-atment. Itls 
concluded that the regulatory effects of GH and DEX on the hepatic ER in this in vitro 
system are very similar to the effects of these hormones under in vivo conditions The 

m^TT n ° f f 6 f ^ bef ° re ' t0 ° Ur Wle <^ bee « de --^ - 
any mammalian liver cell culture system. 
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Cyclin Dl-ncgative mantle cell lymphoma: a clinicopathologic study based on 
gene expression profiling. 

EuJK, yV^nh m er_m, GrejnerTC, DayeS, Wright G. Rosenwald A T r.hinr^_M inU^ 
-' Siebcrt R , DeJongD, JaffeES , Wilson WH Debbie J . GftG, Dave BJ Sanger 

iV£, Smith LM , Rimsza L , Braziel RM, Mullcr-Hermelmk UK r, mr j GascoyneRD, 
StaudtJ LM, Chan WC ; Lym nhoma/Leukemin Molecular Profiling Prnjgrf 

Department of Pathology and Microbiology, University of Nebraska Medical Center 983135 
Nebraska Medical Center, Omaha, NE 68198-3135, USA. kfu@unmc.edu 

Cyclin Dl overexpression is believed to be essential in the pathogenesis of mantle cell lymphoma 
(MCL). Hence, the existence of cyclin D 1 -negative MCL has been controversial and difficult to 
substantiate. Our previous gene expression profiling study identified several cases that lacked 
cyclin Dl expression, but had a gene expression signature typical of MCL. Herein we report the 
clinical, pathologic, and genetic features of 6 cases of cyclin Dl-negative MCL. All 6 cases 
exhibited the characteristic morphologic features and the unique gene expression signature of 
MCL but lacked the t(l l;14)(ql3; q32) by fluorescence in situ hybridization (FISH) analysis The 
tumor cells also failed to express cyclin Dl protein, but instead expressed either cyclin D2 (2 
cases) or cyclin D3 (4 cases). There was good correlation between cyclin D protein expression and 
the corresponding mRNA expression levels by gene expression analysis. Using interphase FISH 
we did not detect chromosomal translocations or amplifications involving CCND2 and CCND3 ' 
loci in these cases. Patients with cyclin D 1 -negative MCL were similar clinically to those with 
cyclin Dl -positive MCL. In conclusion, cases of cyclin Dl-negative MCL do exist and are part of 
the spectrum of MCL. Up-regulation of cyclin D2 or D3 may substitute for cyclin Dl in the 
pathogenesis of MCL. 
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Oxytocin receptors in boviue cervix: distribution and geue expression 
during the estrous cycle. 6 ' "Fission 

FuchsAR, IvejlR, FjcldsPA, Chang SM. FiVjdsJvrr 

Oxytocin (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregnant cows on cycle Days 0, 3, 7-8, 17, and 19 (n = 3-4 cows eachXv HF-HOT 
was used as the labeled ligand. Mucosal and muscle layers of th^ we Jai 0 ] 
analyze^ separately for both ligand binding and expression of the OTR^In us Z a 
newly developed RKase protection assay (RAP). Cellular loca.izauon of OTR ^tein 
wa determmed by immunohistochemistry. AH regions of cervix from cows at Lto had 
high concentrahons of OTR; in the luteal phase, all were sharply down^la STt 

OTR mRNA was readdy detected by RAP in the mucosa from estrous cows while much 
weaker signals were found in the muscle. On Days 7-17 the OTR mRW A , T?l 
mueo sa and veiy faint „ no „ detec i 7 ^ , hi ^7^^ 

between, ,ga„d binding and mRNA expression, whieh suggests ,h„ oKeenM Z 

or the mucosa were the principal Sl te of immunoreactive OTR- muscle cells showed 

E2 output m v.tro m bovme cemcal tissues. Since PGE2 is capable of softfrW the 
cerv.x.our findmgs Suggest that OT may have a novel physiological funchon to cause 
softenmg of the bovme cervix mediated by the release of PGE2 
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Silencing of the thrombomodulin gene in human raahguant melanoma. 

jEWaJ, KaocdaA,, Umebayashi Y, OteukaF, SugjxnuraT, UsjHjjmaT, 

Carcinogenesis Division, National Cancer Center Research Institute, Tokyo, Japan. 

The loss of thrombomodulin (TM) expression is associated with tumour growth 
infiltation and lymph node metastasis.in human tumours. In melanoma cell lines TM is 
reported to mediate cell adhesion, and its introduction into TM-negative melanoma cell 
lines suppresses their growth. In this study, we analysed TM expression in surgical 
melanoma specimens and the role of its promoter methylation in the loss of its 
expression. In 1 5 (75%) of the 20 specimens (five from a primary site and 1 5 from 
metastatic sites), melanoma cells lacked TM irnmunoreactivity. Methylation of the TM 
promoter region was detected in 10 (67%) of the 1 5 TM-negative specimens by 

So^ iT" S fi PeC, ^7° lymeraSe Chai ° reaCti0n ' Whereas me Mation was detected in two 
(40/o) of the five TM-pos.hve specimens. In cell lines, complete methylation of the TM 
promoter CpG island was detected in six (46%) of 13 melanoma cell lines, whereas no 
methylation was detected in two cultured normal melanocytes. There was a good 
correlation between the methylated status of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treatment of melanoma cell lines with a 
demethylatmg agent, S-aza^'-deoxycytidine, induced demethylation of the promoter 
CpG island and the restoration of mRNA and protein expression. These findings suggest 
that most human melanomas lack TM expression, and that methylation of the promoter 
CpG island is one of the mechanisms responsible. 
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A sampling of the yeast protcome. 

FutchcrB, Latter GI, Monardo P . McLaughlin CS . Gan els JT . 

Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724 USA 
futcher@cshl.org ' 

In this study, we examined yeast proteins by two-dimensional (2D) gel electrophoresis 
and gathered quantitative information from about 1,400 spots. We found that there is an 
enormous range of protein abundance and, for identified spots, a good correlation 
between protein abundance, mRNA abundance, and codon bias. For each molecule of 
well-translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover was 
examined and found to be insignificant for abundant proteins. Some phosphoproteins 
were ■dentified. The behavior of proteins in differential centrifugation experiments was 
examined. Such experiments with 2D gels can gi ve a global view of the yeast proteome. 
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In Ibis study, we examined yeast proteins by two-dimensional (2D) gel electrophoresis and gathered quan- 
titative .nlbrmation from about 1,400 spots. We found (hat there is an enormous range of protein abundance 
and, for )denl)fied spots, a good correlation between protein abundance, mRNA abundance, and codon bias 
For each molecule of well-translated mRNA, there were about 4,000 molecules of protein The relative 
abundance of proteins was measured in glucose and elhanol media. Protein turnover was examined and fouDd 
to be insignificant for abundant proteins. Some phosphbproteins were identified. The behavior or proteins in 
differential centrifugalion experiments was examined. Such experiments with 2D gels can give a global view or 
Ibe yeast proteome. 



The sequence of the yeast genome has been determined (9). 
More recently, the number of mRNA molecules for each ex- 
pressed gene has been measured (27, 30). The next logical level 
of analysis is that of the expressed set of proteins. We have 
begun to analyze the yeast proteome bv using two-dimensional 
(2D) gels. 

2D gel electrophoresis separates proteins according to iso- 
. electric point in one dimension and molecular weight in the 
other dimension (21), allowing resolution of thousands of pro- 
teins on a single gel. Although modern imaging and computing . 
techniques can extract quantitative data for each of the spots in 
a 2D gel, there are only a few cases in which quantitative data 
have been gathered from 2D gels. 2D gel electrophoresis is 
almost unique in its ability to examine biological responses 
over thousands of proteins simultaneously and should there- 
fore allow us a relatively comprehensive view of cellular me- 
tabolism. 

\Ve and others have worked toward assembling,a yeast pro- 
tein database consisting of a collection of identified spots in 2D 
gels and of data on each of these spots under various condi- 
tions (2, 7, 8, 10, 23, 25). These data could then be used in 
analyzing a protein , or a metabolic process. Saccharomyccs 
cerevisiae is a good organism for this approach since it has a 
well-understood physiology as weJJ as a large number of mu- 
tants, and its genome has been sequenced. Given the sequence 
and the relative lack of introns in 5. cerevisiae, it is easv to 
predict the sequence of the primary protein product of most 
genes. This aids tremendously in identifying these proteins on 
2D gels. 

There are. three pillars on which such a database rests: (i) 
visualization of many protein spots simultaneously, (ii) quan- 
tification of the protein in each spot, and (in) identification of 
the gene product for each spot. Our first efforts al Visualization 
and identification for 5. cerevisiae have been described else- 
where (7, 8). Here we describe quantitative data for these 
proteins under a variety of experimental conditions. 

MATERIALS AND METHODS 
Strains and media. S. rerrnsiac W3I13 [MAT* ade21 his31l,lS /cu?.? JJ2 
Irpl J um3-l ciinl-lOO) was used 120). - Mel VNB (veasl nllroicn base) medium 
was 1.7 g of YNB (Dilco) pel liici. 5 c ot ammonium sulfate per tiler and 
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adenine, uracil, and al) amino acids excepl methionine; -Met.-Cys YNB me- 
dium was the same, but without methionine or cysteine. Medium was supple- 
mented wilh 2% glucose (for most experiments) or with 2% ethanol (for ethanol 
experrmenls). Low-phosphate YEPD was described by Warner (23). 

Isolopic labeling or yeast and preparation of cell t.vlr-jcls. Yeast strains were 
labeled and proteins were extracted as described by Garrcls et al. (7, 8). Briefly 
cells were grown to 5 X10* cells per ml. al 30*0; 1 ml of culture was' transferred' 
to a fresh lube, and 03 roCi of [^methionine (e.g.. Express protein labeling 
ma; New England Nuclear) was added to this 1-ml culture. The cells were 
incubated for a further 10 to 15 min and then transferred to a ).5-ml microcen- 
trifuge tube, chilled on ice, and harvested by ccntrifugation. The supernatant was 
removed, and the cell pellet was resuspended in 100 uj of lysis buffer (20 mM 
Tris-HCI |pH 7.6), 10 mM NaF, 10 mM sodium pyrophosphate, 0.5 mM EDTA, 
0.1% dcoxycholale: just before use, phenylmethylsulfbnyl fluoride was added to 
I mM, leupeplin was added lo 1 u.g/rol, pepslatin was added to 1 ng/ml. losyl- 
sulfonyl phenylalanyl chloromelhyl ketone was added to 10 i>g/ml, and soybean 
trypsin inhibitor was added lo 10 rig/ml). 

The resuspended cells were transferred lo a screw-cap ).5-ml polypropylene 
lube containing 0.23 g of glass beads (0.5-mm diameter; Biospec Products) or 
0.40 g oPzirconia beads (0.5-mm diameter; Biospec Products). After the cap was 
secured, the lube was inserted into a MiniBeadbealer 3 (Biospec Products) and 
shaken al medium high speed at 4'C for I min. Breakage was typically 75%. 
Tubes were then spun in a microcentrifuge for 10 s al 5,000 X g at 4"C. 

With a very fine pipellc tip, liquid was withdrawn from the beads and trans- 
ferred 10 a prechilted ) 5-rol lube containing 7 id ol DNase ) (0.5 mg/rnl; Cooper 
product no. 6330)-RNase A (0.25 mg/ml; Cooper product no. 567°)-Mg (50 mM 
MgCI,) mix. Typically 70 u-l of liquid was recovered. The mixture was Sncubaled 
on ice for 10 min lo allow the RNase and DNase to work. 

Next, 75 ul of 2X dSDS (2x dSDS is 0.6% sodium dodccyl sulfate [SDSL 2% 
mercaploelhanol, and 0.) M Tris-HCI |pH 8)) was added. The lube was plunged 
into boiling water, incubated for 1 min, and then plunged into ice. After cooling 
the lube was ccnlrifuged al 4"C for 3 min al 14,000 X g. The supernatant was 
transferred to a fresh tube and frozen al - 7trC About 5 ul of this supernatant 
was used for each 2D gel. 

2D polyacrylamidr gels. 2D gels were made and run as described elsewhere 
(6-8). 

Image analysis of the gels. The Quest I) software system was iiscd for quan- 
titative image analysis (20, 22). Two techniques were used to collecl quantitative 
data lor analysis by Quest )| software. First, before the advent ol phosphorim- 
agers, gels were dried and fluorographed. Each gel was exposed lo Htm for three 
different limes (typically 1 day, 2 weeks, and 6 weeks) to increase the dynamic 
range of the data. The films wete scanned along wilh calibration snips to relate 
film optical density lo disintegrations per minute in the gels and analyzed by the 
software lo obtain a linear relationship berween disintegrations per minute in the 
spots and optical densities of the film images. The quantitative data are ex- 
pressed as parts per million of the total cellular protein. This value is calculated 
from the disintegrations per minute of the sample loaded onto Ihe gel and by 
cornpating the film density of each data spot with density ol the film over Ihe 
calibration snips ol known radioactivity exposed lo the same film. This yields Ihe 
disinflations per minute per millimeter for e:ich spot on the gel and ihence its 
parls-pei-minule value. 

Aflet Ihe advent of phosphor imaging, gels bearine ;,i Slabeled proteins were 
exposed lo phosphorimager screens and scanned by a Fuji phosphorimager, 
typically for two exposures per gel. Calibration snips ol known radioactivity were 
exposed simultaneously. Scan data fiom the phosphorimager was assimilated by 
Ouesl II software, and quantitative data wete recorded fot the spots on the gels 
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Mcnsiiremtnls or protein turnover. Ceils in exponential phase were pulse- 
labeled with | SJmclhionine, excess cold Me! and Cys were added and samples 
of equal volume were taken from the culture al intervals up to 90 min (in one 
experiment) or up to 160 rain (in a second experiment). Incorporation of 35 S into 
protein was essentially 100% by the first sample (10 min). Extracts were made 
and equal fractions of the samples were loaded on 2D gels (i.e., the different 
samples had Afferent amounts of protein but equal amounts of M S). Spots were 
quantitaled with a phospborimaging and Quest software. 

ITie software was queried for spots whose radioactivity decreased through the 
lime course. The algorithm examined all data points for all spots, drew a best-fit 
line through the data points, and looked for spots where this line had a statis- 
tically srrmificanf negative slope. In one of the experiments, there was one such 
spot. To the eye, this was a m.nor, unidentified spot seen onlv in the first two 
samples (10 and 20 min). In the other experiment, the Quest software found no 
spots meelmg the criteria. Therefore, we concluded that none of the identified 
spots (and all but one of the visible spots) represented proteins with Ion" 
half-lives. ■ ° 

Centrifugal fractionation. Cells were labeled, harvested, and broken with glass 
beads by the standard method described above except that no detergent (ie no 
deoxycbolale) was present in the lysis buffer. The crude lysate was cleared of 
. unbroken cells and large debris by cenlrifugation at 300 X g for 30 s The 
supernatant of this cenlrifugation was then spun at 16,000 X g for 10 min to give 
the pellet used for Fig. 6B. The supernatant of the 16,000 X g, 10-min spin ms 
then spun at 100,000 X g for 30 min to give the supernatant used for He. 6A 

Protein abundance calculations. A hnploid yeast cell contains about 4 X 10 - ' 1 
!n 0 ' P ^ C ' n * Assumin S 3 P'otein mass of 50 kDa, there are about 
50 X 10" molecules of protein per cell. There, are about 1.8 methionines per 10 
kDa of protein mass, which implies 4.5 X 10 s molecules of methionine per cell 
• (neglcc.mg the small pool of free Mel). We measured (i) the counts per minute 
in each spot on the 2D gels, (ii) the total number of counts on each gel (by 
integrating counts over the entire gel), and (iii) the total number of counts 
loaded on the gel (by scintillation counting of the original sample). Thus, we 
know what fraction of the total incorporated radioactivity is present in each spot 
After correcting for the methionine (and cysteine (see bclowl) content of each 
proiem, we calculated an absolute number of protein molecules based on the 
traciron of radioactivny >n each spot and on 50 x 10' total molecules per cell 
The labeling mature used contained about one-fifth as much radioactive 
cysteine as ladioactive methionine. Therefore, the number of cysteine molecules 
per protein was also taken into account in calculating the number of molecules , 
of protein, but Cys molecules were weighted one-fifth as heavilv as Mel mole- 
cules. 

niRNA abundance calculations. For estimation of mRNA abundance, we used 
SAGE (serial analysis of gene expression) data (27) and Asymetrix chip hybrid- 
rz anon data (29a 30). .The mRNA column in Table , shows mRNA abundance 
calculated linmSAGl: data alone. However, the SACE data came Irom cells 
growing in YEPD medium, whereas our protein measurements were from cells 
growing ,„ YNB medium. In addition, SAGE data for low-abundance mRNAs 

wT-mT S 'T^1 V " ia ': 0 "- Th " c ' 0 ^ wc "*d chip hybridization data 
(2yd ,0) fo. n.RNA from cells g>own in YNB. These hybridization data also had 
disadvantages, l-nsl, the amounts of high-abundance mRNAs were systemati- 
cally underestimated probatory because of saturation in the hybridizations, which 
used 10 M g of cRNA. For example, the abundance of ADH! mRNA was 197 
copies per cell by SAGE but only 32 copies per cell by hybridization, and the 
abundance of EN02 mRNA was 248 copies per cell t£ SAGE bu, only 41 by 
hybrrdizalron. When the amount of cRNA used in the hybridization was /educed 

Z \ ACV r^ol? IT 0 """ mRNA W " C S>m ' h ' 10 ,he MO""'* determined 
by SAGE (.9a, 29b). However, experiments using I ug of cRNA have been done 
or only some genes (29a). Because amounts of mRNA were normalized to 
15,000 per cell, and because the amounts of abundant mRNAs werre underesli- 
mRNA, vl" 1 iS , 3 , ?2 ". f0 ' d of , he abundance of nonabundan, 

2un?' ? , UK "" 72 * : ' Min e ">8«'l«r the number of 

mRNA molecules from a large number of genes expressed al a low level lo, both 
SAGE data and hybridization data. The sum for the same genes'from hybrid- 
ization data is 2.2-fnld grcaicr than thai from SAGE data 

To take into account ihese dilficuhics, we compiled a list of "adjusted- mRNA 
we U "f;'d C SAr F 1 ';?- ¥ -R'NAs ol ou. identified proteins. 

. we used SAGE data. Fo, all of these particular mRNAs, chip hybridization 
suggested that mRNA abundance was the same in YEPD and YNB media Fo, 
medium-abundance mRNAs. SAGE data wee used, bu, when hybridization 
data showed a s.gnifican, difference between YEPD and YNB then the SAGE 
data were adjusted by the appiopiiate factor. Finally, fo, low-abundance 
mRNAs, we used data horn chip hybiidizations from YNB medium bu, divided 
by 2.2 ,0 normalize lo the SAGE results. These calculations were completed 
without iclercncc lo protein abundance. 

• i °iV' Th v;?-,'! 0n ad:, P' 3,i ' >n ind « (CAl)was taken from the yeast protcome 
* abase ,YPL>) (13),,o, which calculations weie made according to Sharp T nJ 
B " cn - V ' ' hc inJ " us « inference set of highly expiessed 8 cncs to aUn 
a value to each codon. and then a score to, a gene is calculated horn the 
licquency ol use of the vajious codons in that gene (24) 

Statical analysis. The .IMP program was used »i,h Ihe aid ol T Tullv The 
JMP program showed' that neither mRNA no, protein abundances were 
mally •Irsuibulcvl: Iheieloie, Spearman rank coi.elalion coeflkicnts U ) were 
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calculated. The mRNA (adjusted and unadjusted) and protein, data were also 
transformed so lhat Pearson product-moment correlation coefficients (r ) could 
be calculated. First, this was done by a Box-Cox transformation of log-lrans- 
lormed data. Hits transformation produced normal distributions, and an r of 
0.76 was achrcved. However, because the Box-Cox Information is complex'we 
also did a simpler logarithmic transformation. This produced a normal distribu- 
tion for the protein data. However, Ihe distribution for the mRNA and adjusted 
mRNA data was close lo, but not quite, normal Nevertheless, we calculated the 
r„ and found that it was 0.76, identical to ihe coefficient from Ihe Box-Cox 
transformed data. We therefore believe that this correlation coefficient is not 
misleading, despite the fact that the log(mRNA) distribution is not quite normal 
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Visuaiizaiion of lylOO spots on three gel systems. Yeasl 
proteins have isoelectric points ranging from 3.1 to 12.8, and 
masses ranging from less than 10 kDa lo 470 JcDa. It is difficult 
to examine all proteins on a single kind of gel, because a gel 
with the needed range in pi and mass would give poor resolu- 
tion of the thousands of spots in the central region of the °e) 
Therefore, we have used three gel systems: (i) P H "4 to 8" with 
10% polyacrylamide; (ii) pH "3 to 10" with 10% polyacryl- 
amide; and (iii) nonequilibrium with 15% polyacrylamide (7, 
8). Each gel system allows good resolution of a subset of yeast 
proteins. 

Figure 1 shows a pH 4-8, 10% polyacrylarnide gel. The pH 
at the basic end of Ihe isoelectric fbcusing ge) cannot be main- 
tained Ihroughoul focusing, and so the proteins resolved on 
such gels have isoelectric points between pH 4 and pH 6 7 For 
these pH 4-8 gels, we see 600 to 900 spots on the best gels after 
multiple exposures. 

The pH 3-10 gels (not shown) extend the p] range somewhat 
beyond pH 75, allowing detection of several hundred addi- 
tional spots. Finally, we use nonequilibrium gels with 15% 
acrylamide in the second dimension. These allow visualization 
of about 100 very basic proteins and about 170 small proteins 
(less than 20 kDa). In total, using all three gel systems, about 
1,400 spots can be seen. These represenl about 1,200 different 
proteins, which is. about one-quarler lo one-third of the pro- 
teins expressed under these conditions (27, 30).-Here, we focus 
on the proteins seen on Ihe pH 4-8 gels. 

Although nearly all expressed proteins are present on these 
gels, the number seen is limited by a problem we call coverage 
Since there are thousands of proteins on each gel, many pro- 
teins comigrate or nearly comigrale. When two proteins are 
resolved, but are close together, and one protein spot is much 
more intense than the other, a problem arises in visualizing Ihe 
weaker spot: at long exposures when ihe weak signal is strong 
enough for detection, the signal from the strong spot spreads 
and covers the signal from ihe weaker spot. Thus, weak spots 
can be seen only when ihey arc well separated from strong 
spots. & 
For a given gel, ihe number of delectable spots initially rises 
with exposure time. However, beyond an optimal exposure ihe 
number of distinguishable spols begins lo decrease, because 
signals trom strong spots cover signals from nearby weak spots 
Al long exposures, Ihe whole auioradiogram turns black. Thus 
there is an optimum exposure yielding the maximum number 
of spots, and at this exposure the weakest spots are nol seen 
Largely because of the problem of coverage, the proteins 
seen are strongly biased toward abundant proteins All identi- 
fied proteins have a CM of 0.1S or more, and we have iden- 
tified no transcription factors or protein kinases which are 
nonabundanl proleins. Thus, Ihis technology is useful for ex- 
amining protein synthesis, amino ncid metabolism, and glyco- 
lysis but nol for examining Irnnscriplion, DNA replication or 
ihe cell cycle. 




EFBI 

A 



YKLII7w 
YHL056C 



16 kDa 



6.7 



mm**** 



to 



pi 



4.3 



B 

115 kDa 



/\DE3 PFK 2. ' x PfK> 



,YEF3 




ADH2 „ 

7DH3 ,LV5 ' ,K)M2 >SAI 'f 
1DI42 



GLNI 
FBAI 



AOEY MOD 



•GPRI 
'YMRII6t' 



irr> 



^PAO 
•••-BMH2 
^-BMHI 



..' GS P!.ADK. 
. Hpil 



,EFB1 



,YKL056c 



16 kDa 



^SODI 



PH 



4.3 



FIG. I. 2D pels. The hmiionlal »is is the isoek-cltic focusing dimension, which sltclchcs lion. pH 6.7 (Icll) to pH 4.3 (ii°hl) The vertical a*is is the tmlvacrvlamide 
gel d,mens ro „. whtch st.etchcsltotn about 15 kDa (k*., to „ lca S , I3U kDa ( ,o P ). F„, pane. A, cM.act i rnadc ftLVlh in log X" *r^£«lt 
cells wee giown .n elhanol. The spots labeled 1 Ih.ouyb 6 ate unidcmiScd ptotcins highly induced in elhanol. 



7359 



7360 FUTCHER ET AL. 



Mol. Cell. Biol. 



Spol identification. The identification of various spots has 
been described elsewhere (7, 8).- At present, 1 69 different spots 
representing 148 proteins have been identified. Many of these 
spots have been independently identified (2, 10, 23, 25). The 
main methods used in spot identification have been analysis of 
amino acid composition, gene overexpression, peptide se- 
quencing, and mass spectrometry. 

Pulse-chase experiments and protein turnover. Pulse-chase 
experiments were done to measure protein half-lives (Materi- 
als and Methods). Cells were labeled with [ 35 S]mcthionine for 
10 min, and then an excess of unlabeled methionine was added. 
Samples were taken at 0, 10, 20, 30, 60, and 90 min after the 
beginning of the chase. Equal amounts of 3S S were loaded from 
each sample; 2D gels were run, and spots were quantified. 
■Surprisingly, almost every spot was nearly constant in amount 
of radioactivity over the entire time course (not shown). A few 
spots shifted from one position to another because of post- 
. translational modifications (e.g., phosphorylation of RpaO and 
Efbl). Thus, the proteins being visualized are all or nearly all 
very stable proteins, with half-lives of more than 90 min. Gygi 
et al. (10) have come to a similar conclusion by using the N-end 
rule to predict protein half-lives. This result does not Imply 
that all yeasl proteins are siable. The proteins being visualized 
are abundant proteins; this is partly because they are stable 
proteins. 

Protein quantitation. Because all of the proteins seen had 
effectively the same half-life, the iabundance of each protein 
was directly proportional to (he amount of radioactivity incor- 
porated during labeling. Thus, after taking into account the 
total number of protein molecules per cell, the average content 
Of methionine and cysteine, and the methionine and cysteine 
content of each identified protein, we could calculate the abun- 
dance of each identified protein (Tables 1 and 2; Materials and 
Methods). About 1,000 unidentified proteins were also quan- 
tified, assuming an average content of Met and.Cys. 

Many proteins give multiple spots (7, 8). The contribution 
from each spot was summed lo give the total protein amount. 
However, many proteins probably have minor spots thai we are 
not aware of, causing the .amount of protein to be underesti- 
mated. 

When Ihe proleins on a pH 4-8 gel were ordered by abun- 
dance, the most abundant protein had S,904 ppm, the 10lh 
most abundant had 2,842 ppm, Ihe 100th most abundant bad 
314 ppm, ihe 500th mosl abundant had 57 ppm, and the 
1,000th mosl abundant (visualized al greater than oplimum 
exposure) had 23 ppm. Thus, there is more than a 300-fold 
range in abundance among Ihe visualized. proteins. The mosl 
abundant 10 proteins account for about 25% of Ihe total pro- 
tein on Ihe pH 4-8 gel, the most abundant 60 proteins account 
for 50%, and the most abundant 500 proteins account for 80%. 
Sinceit seems likely lhal ihe pH 4-8 gels give a representative 
sampling of all proleins; we estimate lhal half of the total 
cellular protein is accounted for by fewer than 100 different 
gene products, piincipnlly glycolytic enzymes and proteins in- 
volved in prolein synthesis. 

Correlation or prolein abundance with inRNA abundance. 
Eslimales of mRNA abundance for each gene have been made 
by SAGE (27) and by hybridization of cRNA lo oligonucleo- 
tide arrays (30). These iwo methods give broadly similar re- 
sulls.yel each rhcihod has slrcnglhs and weaknesses (Maierials 
and Meihods). Table J lists ihe number of molecules of mRNA 
per cell for each gene studied. One measurement (mRNA) 
uses data from SAGE analysis alone (27); a second incorpo- 
rates data from both SAGE and hybridization (30) (adjusted 
mRNA) (Table I; Maierials and Meihods). We corielaied 
prolein abundance wiih mRNA abundance (Fig. 2). For ad- 



justed mRNA versus protein, the Spearman rank correlation 
coefficient, r,, was 0.74 (P < 0.0001), and the Pearson cone-. 
Iation coefficient, r p , on log transformed data (Materials and 
. Methods) was 0.76 (P < 0.00001). We obtained similar corre- 
lations for mRflA versus protein and also for other data trans- 
formations (Materials and Methods). Thus, several statistical 
methods show a strong and significant correlation between 
mRNA abundance and protein abundance. Of course, the cor- 
relation, is far from perfect; for mRNAs of a given abundance, 
there is at least a 10-fold range of protein abundance (Fig. 2). 
Some of this scatter is probably due to posttranscriptional 
regulation, and some is due lo errors in the mRNA or protein 
data. For example, the protein Yef3 runs poorly on our gels, 
giving multiple smeared spots. Its abundance has probably 
been underestimated, partly explaining the Jow protein/mRNA 
ralio of Yef3. It is the mosl extreme outlier in Fig. 2. 

These data on mRNA (27, 30) and protein abundance (Ta- 
ble 1) suggest that for each mRNA molecule, there are on 
average 4,000 molecules of the cognate protein. For instance, 
for Actl (actin) there are about 54 molecules of mRNA per 
cell and about 205,000 molecules of protein. Assuming an 
mRNA half-life of 30 min (12) and a cell doubling time of 120 
min, this suggests that an individual molecule of mRNA might 
be translated roughly 1,000 limes. These calculations are lim- 
ited to mRNAs for abundant proteins, which are likely to be 
the mRNAs thai are translated best. 

A full complement of cell prolein is synthesized in about 120 
min under these conditions. Thus, 4,000 molecules of protein 
per molecule of mRNA implies that translation initiates on an 
mRNA about once every .2 s. This is a remarkably. high rate; it 
implies that if an average mRNA bears 10 ribosomes engaged 
in translation, then each ribosome completes translation in 
20 s; if an average protein has 450 residues; this in turn implies 
translation of over 20 amino acids per s, a rale considerably 
higher than estimated for mammalians (3 to.8 amino acids per 
s) (18). These estimates depend on Ihe amount of mRNA per 
cell (11, 27): 

The large number of protein molecules that can be. mode 
from a single mRNA raises the issue of how abundance is 
controlled for less abundant proleins. Many nonabundant pro- 
leins may be unstable, and this would reduce Ihe protein/ 
mRNA ralio. In addition, many nonabundant proteins may be 
translated at suboptimal rales. We have found that mRNAs for 
nonabundant proleins usually have suboptimal contexts for 
Iranslalional initiation. For example, there are over 600 yeast 
genes which probably have short open reading frames in the 
mRNA upstream of the main open reading frame (17a). These 
may be devices for reducing Ihe amount of prolein made from 
a molecule of mRNA. 

Correlation of codon bias with protein abundauce. The 
mRNAs for highly expressed proteins preferentially use some 
codons rather than others specifying Ibe same amino acid (14). 
This preference is called codon bias. The codons preferred are 
those for which Ihe iRNAs are present in Ihe greatest amounts. 
Use of Ihese codons may make translation faster or more 
efficient and may decrease misincorporalion. These effects are 
mosl important for ihe cell for abundant proleins, and so 
codon bias is mosl extreme for abundant proteins. The effect 
can be dramatic— highly biased mRNAs may use only 25 of Ihe 
6] codons. 

We asked whether Ihe correlation of codon bias wiih abun- 
dance continues for medium-abundance proleins. There are 
various mathematical expressions quamifying codon bias; here, 
we have used Ihe CA1 (24) (Materials and Meihods) because 
it gives a resull between 0 and 1. The r, for CA1 versus protein 
abundance is 0.80 [P < 0.0001), similar lo the mRNA-protein 



TABLE 1. Quantitative data" 



Function 
Carbohydrate metabolism 



Protein synthesis 



Heat shock 



Amino acid synthesis 



Miscellaneous 



Name 


CA1 


mRNA 


Adjusted mRNA 


Protein (Glu) (10 3 ) 


Protein (Eth) (10 3 ) 


E/G ratio 


Adhl . 


0.8] 0 


197 


197 


1,230 


972 


0.79 


Adh2 


0.504 


0 




0 


963 ■ 


>20 


Ci!2 


0 185 


j 


2.8 




288 


12 


Eriol 


0.870 


No Wo 




410 


974 


24 


Eno2 


0.892 


248 


248 


650 


215 


0.33 


Fbal 


0.868 


179 


179 . 


640 


608 


0.95 


Hxkl.2 


0.500 


13 


10.5 ' 


62 


46 


Jell 


0.251 


0 




0 


671 


. >20 


Pdbl 


0.342 


5 


5 


41 


33 


Pdcl 


0.903 


226 


226 


280 


205 


0.73 . 


Pfkl 


0.465 


5 


5 


75 


53 


0.71 


Pgil 


0.681 


14 


14 


160 


120 


0.75 


Pycl 


0.260 


1 


0.7 


37 


34 


Tall 


0579 


5 


5 


110 


35 




Tdh2 


0.904 


63 


63 . 


430 


876 


NR 


Tdh3 


0.924 


460 


460 


1,670 


1,927 


NR 


Tpil 


0.817 


No Ma 




No Mel 


No Mel 


Efbl 


0.762 


33 


16.5 


358 


362 • 




Eftl,2 


0.801 


26 


26 


: 99 


54 


0-55 


Prtl 


0.303 


4 


0.7 


12 


6 


RpaO 


0.793 


246 


246 


277 


100 


036 


Tin ,2 


0.752 


- 29 


29 


233 


106 


0.46 


Yef3 


0.777 


36 


36 


14 


ND 



Hsc82 

Hsp60 

Hsp82 

Hspl04 

Kar2 

Ssal 

Ssa2 

SsbU 

Sscl 

Ssel 

Stil 

Adel 

Ade3 

Ade5,7 

Arg4 

Gdbl 

Glnl 

His4 

Hv5 

Lys9 

Mel6 

Pro2 

Serl 

Trp5 



0.581 
0381 
0.517 
0.304 
0.439 
0.709 
0.802. 
0.850 
0.521 
0.521 
0.247 

0.229 
0.276 
0.257 
0.229 
0.585 
0.524 
0.267 
0.801 
0.332 
0.657 
0.248 
0.258 
0.319 



2 
9 
2 
7 

5 • 

2 
10 
50 



1 

4 
2 
2 
1 

10 
11 

3 

6 

4 

No Mo 
3 

. 2 
. 5 



2.9 

23 

1.3 

7 
10.1 

43 

5 
50 

26 

8 

1.1 

4 ■ 

1.7 

1.4 

8.1 
27 
11 

3 

6 
•4 
22 

3 

1.2 
5 



Actl 


0.710 


54 


54 


AdJcl 


0.531 


NoMo 




Ald6 


0.520 


3 


3 


Atp2 


0.424 


] 


' 4.1 


Bmhl 


0.322 


46 


46 


Bmh2 


0.384 


1 


1.4 


Cdc48 


0.306 


2 


2.4 


Cdc60 


0.299 


2 


0.86 


Erg20 


0.373 


5 


5 


Gppl 


0.603 


)6 


5 


Gspl 


0.621 


3 


3 


ippi 


0.620 


4 


4 


Lcbl 


0.173 


0.3 


0.8 


Moll 


11.423 


0 


0.45 


Pabl 


0.488 


3 


3 


Psal 


0.600. 


15 


15. 


Rnr4 


0.497 


6 


6 


Sam! 


0.494 


5 


5 


Sam2 


0.497 


3 


15 


Sodl 


0.376 


36 


36 


Uh>a] 


0.212 


2 


2 


YKL056 


0.731 


62 


62 


YLR109 


0.549 


21 ■ 


21 


YMR116 


0.777 


41 


41 



112 

35 
52 
70 
43 
303 
•213 
270 
68 
96 
25 

14 
12 
14 
41 

148 
77 
15 

152 
32 

190 
30 
15 
28 

205 
47 
181 
76 
191 
134 
. 32 
6 
92 
234 
115 
254 
19 
20 
41 
148 
44 
59 
63 
631 
14 
253 
930 
184 



75 
82 
135 
161 
102 
421 
324 
85 
80 
48 
44 

27 
9 
4 
41 
55 
104 
23 
109 
17 
80 
12 
8 
12 

164 
43 
159 
109 
137 
147 
26 
2 
39 
158 
39 
147 
40 
16 
19 
56 
37 
21 
20 
618 
20 
112 

40 



0.67 

2.3 

2.6 

2.3 

2.4 

1.4 

1.5 

1.2 

1.7 



1.3 

1.5 

0.7 

0.52 

0.42 



0.78 



1.4 
0.72 



034 

0.58 



0.47 



0.44 
0.20 



* CA1, a measure of codon bias. 



molecules n,. ,11 h,,„r „ k„,k caA c , L JP- A ' "" mbC ' mRNA " >olccul « P" «» SAGE data (27); adjusted mRNA, number of mRNA 
YNo P p ,r . ? B Ch ' P h > b, ' d, ""°" < 30 > Materials and Methods); Prolein (Glu). numbe! o( molecules of pro.ein pe, cell in 

YNB-glucose; Pr.ilc... (Elh), numbe, of molecules of prolein per cell in YNB-cthanol; E/G ratio, ratio of protein abundance in elhanol to "Jocose The E/G ratio is 
not grvrn ,1 ,r <:lose >o J or ,f .1 was „„, repearable (NR) in multiple gels. Some gene products (e.g.. Tit] and Tif2 1 1 ifl .2 j) wee difficult to distinguish on eilhe, 
. protc.n or an mRNA base: these are pooled. No Nlo, .here was no suitable AV„J1) site in the V region of the gene, and so there are no SAGE mRNA data- No Mel 
the mature gene product contains no methionines; and so there are no reliable protein dala. 
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TABLE 2. Functions of proteins listed in Tabje 1 



Name* 



YPD lillc lines' 



Adhl 

Adh2 

Cit2 

Enol 

Eno2 

Fbal 

Hxkl 

Hxk2 

IcH 

Pdb] 

Pdcl 

Pfkl 

Pe.il 

Pycl 

Tall 

Tdh2 

Tdh3 

Tpi] 

Efbl 
Efil 
Efl2 
Prtl 

RpaO (RPPO) 

TifJ 

Tif2 

Yei3 

Hsc82 
Hsp60 . 
HspS2 
HspHH 

Kar2 

Ssal 
Ssa2 
SshJ 
Ssb2 
SscJ 

Ssel 
Sli] 

•Adel 
Ade3 
Ade5,7 
' An»4 
Gdhl 
Gin) 
His4. 

Ilv5 

l-ys!) 
. Mcl6 

Pro2 
SerJ 
Trp5 

Acll 

Adkl 

Ald6 

Alp2 

Bnihl 

Bmh2 

Cdc48 

Cdc60 

Er e 20 

Gpp] (Rhr2) 
Gspl 
lppl 
Lcbl 

Moll (Thi4) 
Pab1 

Psal 
. Rm4 
Sam I 
Saro2 
Sodl 
Uba) 

VKL056 



Alcohol dehydrogenase 1; cytoplasmic isozyme reducing acelaldehyde to etbanol, regenerating NAD* 
Alcohol dehydrogenase II; oxidizes ethanol to acelaldehyde, glucose repressed ** 




: bisphosphale aldolase II; sixth step in glycolysis 
Hexokinase I; converts bexoses. lo hexose phosphates in glycolysis; repressed by glucose 

Hexokinase II; converts hexoses lo hexose phosphates in glycolysis and plays a regulatory role in glucose repression 
Isocilrale lyase, peroxisomal; carries out part of the glyoxylate cycle; required for duconeoeenesis 
Pyruvate dehydrogenase complex, El beta subunil 
Pyruvate decarboxylase isozyme I 

Phosphofraclokinase alpha subunil, pari of a complex with Pfk2p which carries out a key regulatory step in rjycolvsij 
Glucosc-6-ptiosphate isomerase, converts glucose-6-phosphale lo fructose-6-phosphale - 
Pyruvate carboxylase 1; converts pyruvate to oxaloacelate for gluconcogenesis 
Transaldolase; component of nonoxidalive part of pentose phosphate pathway 

Gh/ceraldehyde-3-phosphale dehydrogenase 2; converts D-glyceraldehyde 3-pbosphate 10 1,3-dephosphoglycerale 
GJyceraIdehyde-3-phosphale dehydrogenase 3; converts D-glyceraldehyde 3-phospbafe lo 13-dephosphoflycerale 
Tnosephosphale isomerase; mlerconverts gryceraldehyde-3-phosphale and dihydroxyacelone phosphate 

Translation elongation factor EF-1P; GDP/GTP exchange factor for Tef)p/Tef2p 

Translation elongation factor EF-2; contains diphthamide which is not essential for activity; identical to Efl2p 
Transition elongation factor EF-2; contains diphthamide which is nol essential for activity; identical to Eft Id 
Translation initiation factor elF3 beta subunit (p90); has an RNA recognition domain 
Acidic ribosomal protein AO 

Translation initiation factor 4A (e]F4A) of the DEAD box family 
Translation initiation factor 4A (eIF4A) of the DEAD box family 
Translation elongalion factor EF-3A; member of ATP-binding cassette superfamily 

Chaperonin homologous to £ coli HlpG and mammalian HSP90 

Mitochondrial chaperonin that cooperates with HsplOp; homolog of £ coli GroEL 

Heat-inducible chaperonin homologous lo£ coli HtpG and mammalian HSP90 

"^[wffi™"^^ 0 ' indUC<:d ,hern ' olo,e ' ancc and <°' '"olubilizing aggregates of denatured proteins; important for (psi"]- 

■^^^I^Z£&2^$%,%S!? P ' 0,Ci " *™> io " — Ihe endoplasmic reticulum membrane 

Cytoplasmic chaperone; heat shock protein of the USP70 family 
Cytoplasmic chaperone; member of the H5P70 family 
Heal shock prolein.of HSP70 family involved in the Iranslalional apparatus 
Heat shock protein of HSP70 family, cytoplasmic 

"fiS^T^* inock pJorein n of^p , 70?a°m r i^' h ^ phj » 3 m »' °< P»'™ 

S?!iA^J5° ,e, ~ °' ' h ^" SP , 7 ? fami1 ^ mullico Py su PP resso ' °l mutants with hvperaclivated Ras/cvclic AMP pathway 
Stress-induced protein icmiircd for oplimal growth at high and low lcmperalure;has lelralricopeplide repeals t""™** 

Phosphmftosylamidoimidazole-succinocarboxamide synthase: catalyzes ihe seventh step in de novo purine biosynthesis oalhwav 
C, lelrahydrofolale synthase (Infunciional enzyme), cytoplasmic P °'°symnesis painway 

Phosphor.bosylamine-glycinc ligase plus phosp'horibosylformylglycinamidine cvclo-ligase; Afunctional protein 
Argmmosuccmale lyase: catalyzes the final step in arginine biosynthesis ' proiem 
G ulamalc dehydrogenase (NADP*); combines ammonia and a-kcloglutnra.e lo form elulamale 
Wularnme synthetase; combines ammonia lo glnlamate in ATP-drivcn reaction 

^^^^ 1 SS^ 0 ^™^' b0 ^ A ' ^, Pfopnosphohydrolase^istidinol dehydrogenase; 2nd, 3rd, and 10,h steps of 
Ke ,nd^bi^h^^ te,?,?,h,>1<y, 3Cid "On"**"*"*) (alpha-keto-p-hydioxylacy.) reductoisomerasc); second step in Va. 

SSSSi^ r T i " S , ) (™ ch -'°P™ '^"dase), .seventh step in lysine biosvnlhesis pathway 

Ht SSS^ S JS^SSi^ lane - ( 5 mclh .vllelrahydropleroyl Ir.glulamale-honiocysleine mc.hyl.ransferas'e), methionine synthase, 



cobalamin independent 
y-Glulamyl phosphate reductase (phosphoglulamale dehvdrogenase), proline biosynlhclic 
Hiosphoscrinc transaminase; involved in synthesis of serine from 3-phospboglycerale 
Tryptophan synthase, last (5lh) step in tryptophan biosynthesis pathway 



Actin; involved in cell polarization, endocylosis, and other cvtoskeletal functions 
Adenylate kinase (GTP.AMP phosphotransferase), cytoplasmic 
Cytosolic acelaldehyde dehydroeenase 

Beta subunil of Fl-ATP synthase; 3 copies are found in each Fl oligomer 
Homolog of mammalian 14-3-3 protein; has strong similarity lo Bmh2p 
Homolog of mammalian 14-3-3 protein; has stiong similaritv to Bmhjp 

1 !?!?MnNA e ^ famn - V °' ^ TP3S «; rc fl ui ' ed «" division and homolvpic membrane fusion 
Leucyl-lRNA synthetase, cytoplasmic ■»i~u 

Famesyl pyrophosphate synthetase; may be rale-limiting step in sterol biosynthesis pathway 

DL-Glyceiol phosphate phosphatase 7 

Ran. a GTP-binding piolein of the R:,s s.iperfnmily involved in trafficking through nuclear DOrcs 

Inorganic pyrophosphatase, cytoplasmic f«".» 

Component of serine Cpalmiioyllransfeiase; first step in biosynthesis of long-chain base component of sohinr-olinids 

Thiamine-repressed protein essential lo. growth in the absence of thiamine component ol sphmgobpids 

^^SlS' °' Cy "' P, -" m a " d " UdC " S; P: '" 3 ' cnJ «NA-p,.K.essi„g complex (cleavage fecIOf I); has 4 RNA 

Mannose-l phosphate guanyltransferasc; GDP-mannose pyrophosphorvlase 

Ribonucleotide reductase small subunil 

^-Adenosylmelhionine synlhelase I 

i"-Adenosylmelhionine synlhelase 2 

Copper-zinc superoxide dismulase 

Ubiquitin-aclivating (El) enzyme 



Yl R109 (Ah„n aUT^'f lranila, 1 ion:l, |y controlled tumor piolein of animal cells and higher plants 
rLKluy(Ahplt Alkyl hydioperoxide icduclase ' 

YMR116 (Ascl) Abundani piolein with elTecis on iranslalional efficiency and cell size, has two WD (WD-40) repeats 



""r^X\ J n ,7 C ,' ,0m "7 WMrumrees gem^ rto.abase and YI'D. Names in paieniheses represent' ..cent chanecs 
Courles)' nl Prolconic : Inc.. icprinlcd «iih per mission. - 
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FIG. 2. Correlation of protein abundance wilb adjusted mRNA abundance. 
Die number of molecules per cell of each protein is plollcd against the number 
of molecules per cell of the cognate mRNA, with an r p of .0.76. Note the 
logarithmic axes. Data for mRNA were lalccn from references 27 and 30 and 
combined as described in Materials and Methods. • 



correlation, confirming a strong correlation between CA1 and 
protein abundance (Fig. 3). The relationship between CA1 and 
protein abundance is log linear from about 1,000,000 to about 
10,000 molecules per cell. We have no data for rarer proteins. 

It is not clear whether CAI reflects. maximum or average 
levels of protein expression. The proteins used for the CA1- 
protein . correlation included some proteins which were not 
expressed at maximum levels under the condition of the ex- 
periment (Hsc82, Hspl04, Ssal, Adel, Arg4, His4, and others). 
When these proteins were removed from consideration and 
the correlation between CAI and the remaining (presumably 
constitutive). proteins, was recalculated, the r, was essentially 
unchanged (not shown). ' 

The equation describing (he graph in Fig. 3 is log (proiein 
molecules/cell) = (2.3 X CAI) + 3.7. Thus, under certain 
conditions (a CA) of 0.3 or greater: a conslitutively expressed 
gene), a very rough estimate of proiein abundance can be 
made by raising 10 to the power of [(2.3 x CAI) + 3.7]. 

The distribution of CAJ over the genome (Fig. 4) consists of 
a lower, bell-shaped distribution, possibly indicating a region 
where there is.no selection for codon bias, and an upper. Hal 
distribution, starling al a CAJ of aboul 0.3, possibly indicating 
a region where there is selection for codon bias. Almost aj) of 
the proteins whose abundance we have measured are in the 
upper, flat portion of Ihe dislribytion. In the lower, bejl-shaped 
region, we do not know whelher there is a correlation between 
CAI and proiein abundance. 

Changes in proiein abundance in glucose and ethanol. A 
comparison of cells grown in glucose (Fig. IA) with cells grown 
in ethanol (Fig. IB) is shown in Table. 1. As is well known, 
some proteins are induced tremendously during growth on 
ethanol. Two sinking examples are Ihe peroxisomal enzymes 
Id] (isocilrate lyase) and Cil2 (citrate synthase), which are 
induced in ethanol by more lhan 100- and 12-fold, respectively 
(Fig. 1; Table 1). These enzymes are key components of Ihe 
glyo.xylale shunt, which diverts some acetyl coenzyme A 
(acetyJ-CoA) from the tricarboxylic acid cycle lo glnconeogen- 
esis. S. cerevisioe requires large amounts of carbohydrate for its 
cell wall; in elhanol medium, this carbohydrate comes from 
gluconeogenesis, which depends on Ihe glyoxylale shunt and 
on. Ihe glycolytic pathway running in reverse. The need for 



gluconeogenesis also explains why glycolytic enzymes are 
abundant even in ethanol medium. Thus, 2D gel analysis shows 
the prominence of the glycolytic and glyoxylate shunt enzymes 
. in cells grown on ethanol, emphasizing that gluconeogenesis, 
presumably largely for production of the eel) wall, is a major 
metabolic activity under these conditions. 

During gluconeogenesis, substrate-product relationships are . 
reversed for the glycolytic enzymes. One might expect that not 
all glycolytic enzymes would be well adapted to the reverse . 
reaction. Indeed, 2D gels show that in ethanol, Adh2 (alcohol 
dehydrogenase 2) is strongly induced (16), while its isozyme 
Adhl is not greatly affected. Adhl and Adh2 each interconvert 
acetaldehyde and ethanol. Adhl has a relatively high K m for 
ethanol (17 mM), while Adh2 has a lower K m (0.8 mM)(5). 
Thus, it is thought that Adhl is specialized for glycolysis (ac- 
etaldehyde to ethanol), while Adh2 is specialized for respira- 
tion (ethanol to acetaldehyde) (5, 29). Similarly, Enol (enolase 
1) is induced in ethanol, while its isozyme Eno2 (enolase 2) 
decreases in abundance (Table 1) (4, 19). Enol is inhibited by 
. 2-phosphoglycerale (the glycolytic substrate), while Eno2 is 
inhibited by phosphoenolpyruvate (the gluconeogenic sub- 
strate). (4). Perhaps Enol has a lower X m for phosphoenol- 
pyruvate than does Eno2, though to our knowledge this has not 
been tested. Thus, the 2D gels distinguish isozymes specialized 
for growth on glucose (Adhl and Eno2) from isozymes spe- 
cialized for ethanol (Adh2 and Enol). 

Many heat shock proteins (e.g., Hsp60, Hsp82, Hspl04, and 
Kar2) were about twofold more abundant in ethanol medium 
than in glucose medium. This is consistent with the increased 
heat resistance of cells grown in ethanol (3). 

Enzymes involved in protein synthesis (Eftl, RpaO, and Tifl) 
were about twice as abundant in glucose medium as in ethanol 
medium. This may reflect the higher growlb rale of the cells in 
glucose: 

Phosphorylation or proteins. To examine protein phosphor- 
ylation, we labeled cells with 32 P and ran 2D gels to examine 
phosphoproleins. About 300 distinct spots, probably represent- 
ing 1 50 to 200 proteins, could be seen on pH 4-8 gels (Fig. 5B). 
We then aligned auloradiograms of three gels, each with a 
different kind of labeled protein ( 32 P only [Fig. 5B], 33 P plus 
35 S [Fig. 5A], and 35 S only [not shown, but see Fig. 1 for . 
example]). In this way, we made provisional identification of 
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FIG. 3. Correlation of protein abundance with CAI. The number of mole- 
cules per cell of each protein is plotted against the CAI for that proiein. Note the 
logarithmic scale on Ihe protein axis. Data lor the CAI are from Ihe YPD 
database (13). 
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wnh 2,028 genes with a CAI between 0.121 and 0.150. ^ 



some of the 32 P-)abeled spols. as particular 35 S-)abeled spots. 
All such identifications are somewhat uncertain, since precise .. 
alignments are difficult, and of course multiple spots may ex- ' 
aclry comigrate. Nevertheless,, we believe that most of the 
provisional identifications are probably correct. Among the 
major 32 P-)abeled proteins are the hexokinases J-jxkl and 
Hxk2. the acidic ribosome-associated protein RpaO, the trans- 
lation factors Yef3 and Efb], and probably Hsp70 heat shock 
proteins of the Ssa and Ssb families. RpaO and EfbJ are quan- 
titatively monophosphorylaled. 

Many yeast proteins resolve into multiple spots on these 2D 
gels (7). Yef3 has live or more spots, al least four of which 
comigrate with 32 P. Tpil has a major spot showing no 32 P 
labeling and a minor, more acidic spot which overlaps with 
some 3 P label. Tif] has at least seven spols (7); two of these 
overlap with some K P label, but five do not (Fig. 5). Eftf has 
al least three spots (7), and none of these overlap with 32 P, 
allhongh Ihere are three nearby, unidentified 3J P-labe)ed spots 
(a, c, and d in Fig. 5). Spots that seem lo be extra forms of 
Mel6, Pdc], Eno2, and Fba] can be seen in Fig. 6A, but there 
is little 3i P al these positions in Fig. 5. Thus, phosphorylation 
explains some but not all of the different protein isoformsseen. 

The cell cycle is regulated in pari by phosphorylation. We 
compared "P-labeJed proteins from cells synchronized in G, 
with (.-factor, in cells synchronized in G, by depletion of G, 
cyclins, and in cells synchronized in M phase with nocodazole. 
Only very mirior differences were seen, and these were difficult 
lo reproduce. The cell cycle proteins regulated by phosphory- 
lation may not be abundant enough for this technique lo be 
applied easily. 

Centrifugal fractionation. We fractionated ^S-labeled ex- 
Iracls by centrifugalion (Materials and Methods). Figure 6A 
shows the proteins in the supernatant of a high-speed 
(100,000 X g, 30 min) cenlrifugntion, while Fig. 6B shows the 
proteins in the pellet of a low-speed (16,000 X g r ]0 min) 
centrifugalion. Many proteins are tremendously enriched in 
one fraction or the other, while others are present in both. 



Most glycolytic enzymes (e.g.,Tdh2, Tdh3, Eno2, Pdcl, Adh], 
and Fba]) are enriched in the supernatant fraction. The only 
exception is Pfkl (not indicated), which is found in both pellet 
and supernatant fractions. Many proteins involved in prolein 
synthesis (Efll. Yef3, Prt], Tiff, and RpaO) are in the pellet, 
possibly because of lhe association of ribosomes with the en- 
doplasmic reticulum. However, Efbl is in the supernatant, as is 
a substantial portion of the Eft J. Perhaps surprisingly, several 
mitochondrial proteins (Alp2 (not shown] and Jlv5) are largely 
in the supernatant. Perhaps glass bead breakage of cells re- 
leases mitochondrial proteins. The nuclear protein Gspl is in 
the pellet fraction. The enrichment produced by centrifugalion 
makes it possible lo see minor spots which are otherwise poorly 

..resolved from surrounding proteins. Figure 6JB shows that the 
previously identified Tiff spot is surrounded by as many as six 
other spots thai cofraclionate. We observed six identical or 
very similar additional spots when we overexpressed Tifl from 
a high-copy-number plasmid (not shown). Signal overlaps only 

one or two of these spols in 32 P-labeling experiments (Fig. 5), 

and so the different forms are not mainly due lo different 

phosphorylation stales. 

DISCUSSION 

Our experience wiih developing a 2D gel prolein database 
for S. cerevLuoe is summarized here. With current technology, 
we can see the most abundant J, 200 proteins, which is about 
one-third to one-quarter of the proteins expressed. The re- 
maining proteins will be difficult to see and study with the 
methods that we have used, not because of a lack of sensitivity 
but because weak spots are covered by nearby strong spots. 

Of the 1,200 proteins seen, we have identified 148, with a 
bias toward the most abundant proteins. Steady application of 
the methods already used would allow identification of most of 
the remaining proteins. Gene overexpression will be particu- 
larly useful, since it is not affected by the lower abundance of 
the remaining visible proteins. 
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2D gels of the kind that we have used are not suitable for 
visualization of rare proteins. However it will be possible to 
study on a global basis metabolic processes involving relatively 
abundant proteins, such as protein synthesis, glycolysis, glu- 1 
coneogenesis, amino acid synthesis, cell wall synthesis, nucle- 
otide synthesis, lipid metabolism, and the heat shock response. 

Gygi et al. (10) have recently completed a study similar to 
ours. Despite generating broadly similar data, Gygi et al. 
reached markedly different conclusions. We believe that both 
mRNA abundance and codon bias are useful predictors of 
protein abundance. However, Gygi et al. feel that mRNA 
abundance is a poor predictor of protein abundance and that 
"codorr bias is not a predictor of either prolein or mRNA 
levels" (10). These different conclusions are partly a matter of 
viewpoint. Gygi et a), focus on the fact that the correlations of 
mRNA and codon bias with protein abundance are far from 
perfect, while we focus on the fact that, considering the wide 
range of mRNA and prolein abundance and the undoubted 
presence of other mechanisms affecting protein abundance, 
the correlations are quite good. 

However, the different conclusions are also partly due to 
different methods of statistical analysis and 'o real differences 
in data. With respect to statistics, Gygi et al. used the Pearson 
product-moment correlation coefficient (r p ) to measure the 
covariance of mRNA and protein abundance. Depending on 
the subset of data included, their r p values ranged from 0.1 to 
0.94. Because of the low r values with some subsets of the 
data, Gygi el al. concluded that the correlation of mRNA to 
protein was poor. However, the r p correlation is a parametric 
statistic and so requires variates following a bivariate normal 
distribution; that is, it would be valid only if both mRNA and 
protein abundances were normally distributed. In fact, both 
distributions are very far from normal (data not shown), and so 
a calculation of r p is inappropriate. There was no statistical 
backing for the assertion that codon bias fails to predict pro- 
tein abundance. 

We have taken two statistical approaches. First, we have 
used the Spearman rank correlation coefficient (r s ). Since this 
statistic is nonparametric. there is no requirement for the data 
to be normally distributed. Using the r t , we find that mRNA 
abundance is well, correlated with protein abundance {r s = 
0.74), and the CAI is also well correlated with protein abun- 
dance (r, = 0.80) (and also with mRNA abundance [data not 
shown]). For the data of Gygi et a). (10), we obtained similar 
results, though with their data the correlation is not as good; ^ 
= .0.59 for the mRNA-lo-prolein correlation, and r s — 0.59 for 
the codon bias-to-prolein correlation. 

In a second approach, we transformed the mRNA and pro- 
tein data to forms where they were normally distributed, to 
allow calculation of an r p (Materials and Methods). Two trans- 
formations, Box-Cox and logarithmic, were, used; both gave 
good correlations with our data [e.g., r = 0.76 for lbg(adjusled 
RNA) to log(protein)]. We were not able to transform the data 
of Gygi el al. to a normal distribution. 

Finally, there are also some differences in data between the 
two studies. These may be partly due to the different measure- 
ment techniques used: Gygi et al. measured protein abundance 
by cutting spots out of gels and measuring the radioactivity in 
each spot by scintillation counting, whereas we used phospho- 
rimaging of intact gels coupled to image analysis. We com- 
pared our data lo theirs lor the proteins common between the 
studies (but excluding proteins whose mRNAs are known lo 
differ between rich and minimal media, and excluding Tifl, 
which was anomalous in differing by 100 -fold between Ihe two 
data sets). The r a between the two protein data sets was 0.88 
{P < 0.0001). Although this is a strong correlation, ihe fact that 



it is less than 1.0 suggests that there may have been errors in 
measuring protein abundance in one or both studies. After 
normalizing the two data sets to assume the same amount of 
protein per cell, we found a systematic tendency for the protein 
abundance data.of Gygi et al. lo be slightly higher than ours for 
the highest-abundance proteins and also for Ihe lowest-abun- 
dance proteins but slightly lower than ours for the middle- 
abundance proteins. These systematic differences suggest some 
systematic errors in protein measurement. Although we do. not 
know what Ihe errors are, we suggest the following as a rea^ 
sonable speculation. For the highest-abundance proteins, we 
may have underestimated the amount of protein because of a 
slightly nonlinear response of the phospborimager screens. For 
the lowest-abundance proteins, Gygi et al. may have overesti- 
mated the amount of prolein because of difficulties in accu- 
rately cutting very small spots out of the gel and because of 
difficulties in background subtraction for these small, weak 
spots. The difference in the middle abundance proteins may be 
a consequence of normalization, given the two errors above. 

The low-abundance proteins in the data set of Gygi et al. 
have a poor correlation with mRNA abundance. We calculate 
that the r s is 0.74 for the top 54 proteins of Gygi et al. but only 
0.22 for the bottom 53 proteins, a statistically significant dif- 
ference. However, with our data set, the r s is 0.62 for the top 33 
proteins and 0.56 (not significantly differeni) for Ihe bottom 33 
proteins (which are comparable in abundance lo the bottom 
53 proteins of Gygi et al.). Thus, our data set maintains a good 
correlation between mRNA and protein abundance even at 
low protein abundance. This is consistent with our speculation 
that protein quantification by phosphorimaging and image 
analysis may be more accurate for small, weak spots than is 
cutting out spots followed by scintillation counting. Our rela- 
tively good correlations even for nonabundanl proteins may 
also reflect Ihe fact that we used both SAGE data and RNA 
hybridization data, which is most helpful for Ihe least abundant 
mRNAs. In summary, we feel that the poor correlation of 
protein lo mRNA for the nonabundanl proteins of Gygi el al. 
may reflect difficulty in accurately measuring Ihcse nonabun- 
danl proteins and mRNAs, rather than indicating a truly poor 
correlation in vivo. It is not surprising that observed correla- 
tions would be poorer will) less-abundanl proteins and 
mRNAs, simply because ihe accuracy of measuremenl would 
be worse. 

How well can mRNA abundance predict protein abun- 
dance? With r p = 0.76 for logarithmically transformed mRNA 
and prolein data, the coefficient of determination, (r p ) 7 , is 0.58. 
This means that more than half (in log space) of the variation 
in protein abundance is explained by variation in mRNA abun- 
dance. When converted back to arithmetic values, protein 
abundances vary over about 200-fold (Table 1), and (r^) 7 = 
0.58 for Ihe log data means lhal of this 200-fold variation, 
about 20-fold is explained by variation in the abundance of 
mRNA and about 10-fold is unexplained (but could be due 
partly to measurement errors). For proteins much less abun- 
dant than those considered here, we imagine the in vivo cor- 
relation between mRNA and prolein abundance will be worse, 
and other regulatory mechanisms such as protein turnover will 
be more important. 

Some important conclusions can be drawn from this sam- 
pling of the proleome. First, there is an enormous range of 
protein abundance, from nearly 2,000,000 molecules per cell 
for some glycolytic enzymes lo about 100 per cell for some cell 
cycle proteins (26a). Second, about hall' of all cellular pioicin 
is found in fewer than 100 different gene products, which are 
mostly involved in carbohydrate metabolism or protein synihe- 
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sis. Third, the.coirelalion between protein abundance and CAI 
is Jog linear as far as we can see, which is from about 10,000 
protein molecules per cell to about 1,000,000. This is somewhat 
surprising, because it implies that selective forces for codon 
bias are significant even at moderate expression levels. It also 
means that codon bias is a useful predictor of protein abun-. 
dance even for moderately low bias proteins. Fourth, there is a 
good correlation between protein abundance and mRNA 
abundance for the proteins that we have studied. This validates 
the use of mRNA abundance as a rough predictor of protein 
abundance, at least for relatively abundant proteins. Fifth, for 
these abundant proteins, there are about 4,000 molecules of 
protein for each molecule of mRNA. This last conclusion 
raises questions as to how the levels of nonabundarit proteins 
are regulated and suggests that protein instability, regulated 
translation, suboptimal rates of translation, and other mecha- 
nisms in addition to transcriptional control may be very impor- 
tant for these proteins. 
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Pre-translational regulation of cytochrome P450 genes is responsible for 
drrhosL SPeC ^ ° f individuaI P450 enz y mcs am ™g Patients with 

George J, Liddle C, Murray M _ Byth K FarreU GC 

We have recently reported that disease-specific differential alterations in the hepatic 
expression of xenobiotic-metabolizing cytochrome P450 (CYP P450) enzymes occur in 

m CYP proteins are modulated at pre- or pbsWranslatiorial levels, we have now exammed 
me hepatic levels of mRNA for CYPs 1 A2, 2C9, 2E1 and 3A4 solution hXridSTn 
.n the same livers of 20 controls (surgical waste from histologicaUy norrnal HveSlS 
case, of hepatocellular and 18 of cholestatic severe chronic liver dLTe Y PlA2 
mRNA and CYP1 A immunoreactive protein were both reduced in livers with 
hepatocellular and cholestatic types of cirrhosis. In contrast CYP3A4 mRNA and nrotein 
were reduced only in liveisfrom patients with hepatocellular ^^^TaT 

^T^\To l ^T n : lati °^ bCtWeen mRNA s P ecies «* ^ respective protein 
contents (rS!A2 = 0.74, rS3A4 = 0.64, P < 0.0001). CYP2C9 mRNA was reduced^ 
pafcerrts with both cholestatic and hepatocellular types of UWdisea^^S^ 

cSS/T? 15 Ch ° IeStatiC ^^n. correlation beJeen 
CYP2G9 rnRNA and protem, was also significant (rs - 0.36, P < 0.005) but mRNA levels 
accounted for only 13% of the variability in protein rankings. This is probabryT 

TboTc^ 

antibody. CYP2E 1 mRNA and protein were reduced in patients with cholestatic liver ■ 

decreased. CYP2E1 mRNA was significantly correlated with CYP2E1 protein but 
accounted Tor oriy 18% of the variability in protein rarJdngs (rs = 0.43, P < 0 0005) 

metabo lizmg CYP enzymes among patients with cirrhosis is due, at least in part to pre- 
translabonal mechan.sms. The lack of a strong correlation between CYP2E1 mRNA and 
protem suggests that this gene, like its rat orthologue, may be subject to pre-tr^slalnal 
as well as translation! and/or post-translational regulation; P e iransiationat 

PMID: 7741759 [PubMed - indexed for MEDLINE] 
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Cyclooxygenasc-2 expression in macrophages: modulation by protein 
kinase C-alpha. 

GiroHx M. Descotcaux A 

Institut National I de la Recherche Scientifique-Institut Armand-Frappier, Umversite du 
Quebec, Laval, Canada. 

Cyclooxygenase-2 (COX-2) is an inducible enzyme responsible for high levels of PG 
production dunng inflammation and immune responses. Previous studies with 
pharmacological inhibitors suggested a role for protein kinase C (PKC) in PG production 
possibly by regulating COX-2 expression: In this study, we addressed the role of PRC- 
alpha in the modulation of COX-2 expression and PGE2 synthesis by the overexposing 

p ^°rS e8atiVe (DN) mUtant ° f this iso ™y™<> ^ the mouse macrophage cell line 
r^f invest, S ated the effect of various stimuli on COX-2 expression, namely 
W\ lbN-gamma, and the intracellular parasite Leishmania donovani. Whereas LPS- ' 
induced COX-2 mRNA and protein expression were down-regulated in DN PKC-alpha- 
overexpressing clones, IFN-gamma-induced COX-2 expression was up-regulated in DN 
f KC-alpha-overexpressing clones with respect to normal RAW 264 7 cells 
Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 
.IFN-gamma-mduced COX-2 mRNA and protein levels in DN PKC-alpha-overexpressing 
clones. Taken together, these results suggest a role for PKC-alpha in the modulation of 
LPS-^and IFN-gamma-induced COX-2 expression, as well as in IFN-gamma-induced . 
PGE2 secretion. 
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Transcript profiling of human platelets using microarray and serial 
analysis of gene expression. 

Gnatcnko DV , DmmJJ, McCork le SR . Weissmann D , Perrotta PL BahnnWF 

Department of Medicine, Program in Genetics, State University of New York Stony 
Brook 1 1 794-8 1 5 1 , US A. y 

Human platelets are anucleate blood cells that retain cytoplasmic niRNA and maintain 
functionally intact protein translational capabilities. We have adapted complementary 
techniques of microarray and serial analysis of gene expression (SAGE) for genetic 
profiling of highly purified human blood platelets. Microarray analysis using the 
Affymetnx HG-U95Av2 approximately 12 600-probeset maximally identified the 
expression of 2147 (range, 13%- 1 7%) platelet-expressed transcripts, with approximately 
22 /o collectively involved m metabolism and receptor/signaling and an 
overrepresentation of genes with unaligned function (32%). In contrast, a modified 
SAGE protocol using the Type IIS restriction e.uyme Mmel (generat.ng 2 1 -base pair 
[bp] or 22-bp tags) demonstrated that 89% of tags represented mitochondrial (mt) 
transcripts (enriched in I6S and 12S ribosomal RNAs), presumably related to persistent 
mt-transcnption in the absence of nuclear-derived transcripts. The frequency of non-mt 
SAGE tags paralleled average difference values (relative expression) for the most 
abundant" transcripts as determined by microarray analysis, establishing the 
concordance of both techniques for platelet profiling. Quantitative reverse transcription- 
polymerase chain reaction (PCR) confirmed the highest frequency of mt-derived 
transcnpts, along with the mRNAs for neurogranin (NGN, a protein kinase C substrate) 
and the complement lysis inhibitor clusterin among the top 5 most abundant transcripts 
fror confirmatory characterization, immunoblots and flow cytometric analyses were 
performed, establishing abundant cell-surface expression of clusterin and intracellular 
expression of NGN. These observations demonstrate a strong correlation between high 
transcript abundance and protein exprtssion, and they establish the validity of transcript 
analyse as a tool for identifying novel platelet proteins that may regulate normal and 
pathologic platelet (and/or megakaryocyte) functions. 
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Transcript profiling of human platelets using microarray and serial analysis 
of gene expression 

'Dmitri V. Gnatenko. John J. Dunn, Sean R. McCorkle, David Weissmann, Peler L. Perrotta. and Wadie F. Bahou 



Human platelets are anucleate blood cells ' 
that retain cytoplasmic mRNA and main- 
tain functionally intact protein transla-' 
lional capabilities. We have adapted 
complementary techniques of microarray 
and serial analysis of gene expression' 
(SAGE) for genetic profiling of highly 
purified human blood platelets. Microar- 
ray analysis using the Allymelrix HG- 
U95Av2 approximately 12 600-probe set 
maximally identified the expression, of 
2147 (range, 137.-17%) platelet-expressed 
transcripts, with approximately 22% col- 
lectively, involved in metabolism and re- 
ceptor/signaling, and an overrepresenta- 
tion of genes with unassigned function 
(32%). In contrast, a modified SAGE proto- 
col using the Type IIS restriction enzyme 

Introduction 



Mmet (generating 21-base pair [bp) or 
22-bp tags) demonstrated that 89% of 
tags represented mitochondrial (mt) tran- 
scripts (enriched in 16S and 12S ribo- 
somal RNAs), presumably related to per- 
sistent mt-transcription in the absence of 
nuclear-derived transcripts. The fre- 
quency of non-mt SAGE tags paralleled 
average difference values (relative expres- 
sion) for the most "abundant" transcripts 
as determined by microarray analysis, 
establishing the concordance of both 
techniques for platelet profiling. Quantita- 
tive reverse transcription-polymcrase 
chain reaction (PCR) confirmed the high- 
est frequency of mt-dcrived transcripts, 
along with the mRNAs for neurogronin 
(NGN, a protein kinase C substrate) and 



the complement lysis inhibitor clusterin 
among the top 5 most abundant tran- 
scripts. For confirmatory characteriza- . 
tion, immunoblots and flow cytometric 
analyses were performed, establishing 
abundant cell-surface expression of clus- 
terin and intracellular expression of NGN. 
These observations demonstrate a strong 
correlation between high transcript abun- 
dance and protein expression, and they 
establish the validity of transcript analy- 
sis as a tool for identifying novel platelet 
proteins that may regulate normal and 
pathologic platelet (and/or megakaryo- 
cyte) functions. (Blood. 2003;101:2285-2293) 
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Human blood platelets play critical roles in normal hemostatic 
processes and paihologic conditions such as thrombosis, vascular 
remodeling, inflammation, and wound repair. Generated as cytoplas- 
mic buds from precursor bone marrow megakaryocytes, platelets 
are anucleate and lack nuclear DNA, although they retain 
mcgakaryocyle-derived mRNAs. 1 .-' Platelets contain rough endo- 
plasmic reticulum and polyribosomes, and they retain the ability 
for protein biosynthesis from cytoplasmic mRNA. 3 Quiescent 
platelets generally display minimal trnnslntional activity, although 
newly formed platelets such as those found in patients with 
immune thrombocytopenic purpura (II P) synthesize various a-gran- 
ule and membrane glycoproteins (CPs), including GPJb and 
GPllb/'llla (a„ b p 3 ). Furthermore, stimulation of quiescent platelets 
by agonists such as o-lhrombin increases protein synthesis of 
various platelet proteins, including Bcl-3. 4 Like nucleated cells, the 
rapid translation of preexisting mRNAs may be regulated by 
integrin ligation to extracellular matrices.-' In the case of platelets, 
the primary integrin involved in. this process appears to be a„ b (J 3 
with cooperative signals mediated by the collagen receptor o^p,..*-' 



Integrin-mediated platelet protein synthesis appears to be regulated 
at the level of translation initiation involving the eukaryolic 
initiation factor 4E (elF4E). Instead of directly influencing e)F4E 
activity via posllranslational modifications (ie, phosphorylation), 
platelet e)F4E activity best correlates with its spatial redistribution 
to the mRNA-enriched cytoskeleton. 8 Furthermore, because pro- 
tein translation is partially inhibited by the immunosuppressant 
rapamycin, it suggests that adhesion- and/or aggregation-induced 
outsidc-in-signaling function to regulate protein synthesis through 
the inTOR (mammalian target of rapamycin) pathway. M •» 

Despite the biologic importance of platelets and their intact 
protein synthetic capabilities, remarkably little is known about 
platelet mRNAs. Younger platelets contain larger amounts or 
mRNA with a greater capacity for protein synthesis, as determined 
by using fluorescent nucleic acid dyes such as thiazole orange. 10 
This assay has been used as a quantitative determinant of younger 
or "reticulated" platelets (RPs). Indeed increased reticulated plate- 
lets are typically found in patients with conditions associated with 
rapid platelet turnover such as 1TP; typically RP percentages in 
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such patients approach 10% to 20% of all platelets, considerably 
higher than in healthy control subjects." Interestingly, high RPs 
have, been associated with enhanced thrombotic risk when identi- 
fied in patients with thrombocytosis, 10 suggesting that quantita- 
tively increased mRNA levels may be associated with the prothrom- 
botic phcnotype. Whether this is related to globally altered gene 
expression profiles or to select changes more evident during 
situations of rapid platelet turnover remains unknown. Certainly, 
technical limitations of this assay limit its utility in defining 
prolhrombotic genotypes, 10 " 12 and it cannot identify differentially 
expressed genes that may be causally implicated in disordered 
■ platelet phenotypes. 

Toward the goal of defining , the molecular anatomy of the 
platelet genome, we have adapted complementary techniques of 
microarray and serial analysis of gene expression (SAGE) for 
genetic profiling of highly purified human blood platelets. Microar- 
ray technology represents a "closed" profiling strategy limited by 
the target genes imprinted onto gene chips. In contrast, SAGE is an 
"open" architectural system that can be used to identify novel genes 
and to quantify differentially expressed mRNAs. 13 "' 5 The sequence 
of each tag along with its positional location uniquely identifies the 
gene from which it is derived, and differentially expressed genes 
can be identified in a quantitative manner because the tag frequency 
reflects the mRNA level at the lime of cellular harvest and analysis. 
By using both technologies, we have identified a number of 
previously uncharacterized genes that appear to be expressed in 
human platelets, while simultaneously establishing the dominant 
frequency of milochondrial-expressed genomes comprising the 
platelet mRNA pool. These observations provide a panoramic 
overview of ihe platelet transcriptome, while additionally provid- 
ing insights into the molecular pathways regulating platelet (and/or 
megakaryocyte) function in norma) and pathologic conditions. 



Materials and methods 

Reagents and supplies 

Thermus atpiaiicus (Ttu)) polymerase was purchased fiom (Roche, Indianap- 
olis. IN). T'l DNA ligasc was purchased from Inviirogen (Carlsbad, CA), 
and restriction enzymes were from New England Biolabs (Beverly, MA), 
except, for Mmei, which was obtained from the Center for Technology 
Transfer (Gdansk, Poland) All oligonucleotides were synthesized on an 
Applied Biosvslcms (Foster City, CA) 3-channel synthesizer and are listed 
in Table I. Monoclorml antibodies ' used for flow cytometric analysis 
included the F)TC (fluorescein isolhiocyanale)-conjugated anti-CD-I I 
(onnPj) immunoglobulin CO (IgG); Inimunotech, Miami, FL); phyco- 
erythrin (PE>conjugalcd aniiglycophorin (IgG2; Becton Dickinson I'hamr- 
ingen, San Diego, CA): and pcridinin chlorophyll protein (PERCP)- 
conjugated ami-CD-)} (IgGl: Baton Dickinson Pbarmingen). 

Platelet isolation, purification, and immunodetection 

All human subjects provided informed consent for an IRB (Institutional 
Review Boatd>-appiov'cd protocol completed in conjunction with the 
General Clinical Research Center at Stony Brook University Hospital. 
Peripheral blood (20 mil from healthy volunteers drawn into 2 mL of 4% 
sodium citrate tO.'I'i vol/vol linal concentration) was used to isolate 
erythrocytes by ilin'mniial cenlrifugalion (1500g) or to isolate pure 
leukocytes by Jcnsuv- gradient cenlrifugalion as previously described."' 
Platelets collected from healthy volunteers by aphercsis were used within 
24 hours ol collccrion. Alter addition of 2 mM EDTA (clhylcncdiaminercl- 
raacclic acid), aphetcsiv derived platelets from a single donor were 
cenlril'uged at !<%• (or 15 minutes at 25°C. To minimize leukocyte 
contamination, only the upper 9/ ID of the plalclel-rich plasma IPRP) was 
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used for gel filtration over a BioGel A50M column (1 000 mL total volume) 
equilibrated with HBMT (HEPES-buffered modified Tyrodes buffer. 10 
mM HEPES (^2-hydroxyet)iylpiperazine-iry\2-ethanesulfonic acid) pH 
7.4, 150 mM NaCI, 2.5 mM KCI, 0.3 mM NaH 2 P0 4 , 12 mM NaHCQ), 
0.2% bovine serum albumen [BSAJ, 0.1% glucose, 2 mM EDTA). 
Gel-filtered platelets (GFPs) were subsequently filtered through a 5-pjn 
nonwelting nylon filament filler (BioDcsign, Carmel, NY) at 25°C and 
harvested by cenlrifugalion at 150% for 10 minutes at 25°C. Platelets were 
gently and Ihoroughry resuspended in 10 mL HBMT buffer and incubated 
wilh 120 p,L murine monoclonal anli-CD45 antibody conjugated to 
magnetic microbeads (MtTlcnyi Biolec, Bergisch Gladbach, Germany) on a 
rotating platform for 45 minutes at 25°C. Magnetic separation columns 
were used to capture cells (leukocyte fraction) by positive selection 

. (MACS II; Millenyi Biolec). Purified platelets were concentrated by 
cenlrifugalion at J500g and immediately used for total RNA isolation. 

The efficiency of platelet purification was documented at each step by 
flow cytometry." Briefly, aliquots containing 2 X 10* platelets were 
incubated with saturating concentrations of FITC-conjugated ariti-CD4I, 
PE-conjugaled aniiglycophorin, and PERCP-conjugated anli-CD45 for 15 
minules in the dark at 25°C, washed with phosphate-buffered saline (PBS), 
and fixed in PBS/1% formalin. Samples were analyzed using a FACScan 
(fluorescence-activated cell sorter scan) flow cylomeler (Becton Dickinson) 
using CELLQuest software designed to quantify Ihe number of CD45+ and 
glycophorin-positive evenls in Ihe sample (expressed as Ihe number of 
events per 100 000 CD41+ evenls). For some experiments, fixed platelets 
were permeabilized wilh 0. 1% Trilon-X/PBS for 30 minules at 25"^ prior 
to the addition of primary antibodies, all as previously described. 17 

Platelet protein dcteclion was completed by sodium dodecyl sulfale 
(SDS)-polyacrylamide gel electrophoresis (PAGE) and immunoblol analy r 
sis as previously described, using Ihe species-specific horseradish pcroxidase> 
conjugated secondary antibody and enhanced chemiluminescence," Anti- 
bodies included the anliclusterin monoclonal antibody (Quidel, Santa Clara, 
CA; 1:1000 primary and 1:10 000 secondary) and the anlineurogranin 
rabbil polyclonal antibody (Cheniicon Internationa), Temecula, CA; 1 : 1000 
primary and 1:10 000 secondary). 

Molecular analyses and microarray profiling 

Purified, individual cell fractions were resuspended in 1 0 mL Trizol reagent 
(Inviirogen), transfened into diethylpyrocarbonalc (DEPC)-lreated Corex 
(Springfield, MA) lubes, and serially purified and precipitated by using 
isopropanol essentially as previously described. 16 Total cellular RNA was 
harvested by cenlrifugalion at 12 500$ for 20 minules at 4°C, washed 2 
limes wilh 75% ethanol (10 mL/iube), and resuspended in 100 u.L 
DEPC-lreated waler. Platelet mRNA quantitation was performed by using 
fluorescence-based real-lime PCR (polymerase chain reaction) technology 
(TaqMari Real-Time PCR; Applied Biosyslems, Foster City, CA). Oligonn- 
cleolide primer parrs were generated by using Primer3 software (www- 
genome. wi.mil.edu), designed to generate approximately 200-base pair 
Ibp) PCR products al the same annealing temperature, and. are outlined in 
Table I. Purified plalelcl mRNA (4 u,g) was used for first-srrand cDNA 
synthesis using oligo(dT) and Superscript II reverse transcriptase (Inviiro- 
gen). For real-time reverse transcription IRT)-PCR analysis, Ihe RT 
reaction was equally divided among primer pairs and used in a 40-cyclc 
PCR reaction for each target gene by using the following cycle: 94°C for 30 
seconds, 55°C for 30 seconds, 72"C for 1 minute, and 71 °C for iOseconds 
(40 cycles total). mRNA levels were quantified by monitoring real-time 
fluoronieiric intensity of SYBR green I. Relative mRNA abundance was 
determined from triplicate assays performed in parallel for each primer pair 
and was calculared by using the comparative rhrcshold cycle number (A-Cl 
method) as previously described.'* 

Gene expression profiles were completed by using the approximately 
12 600-probc set HG-U95Av2 gene chip (AITvmclii.i. Santa Clara, CA). 
Total cellular RNA (5 pig) was used for cDNA synthesis by using 
Superscript Choice system (Life Technologies, Rockville, MD) and an 
oligoldT) primer containing the T7 polymerase recognition sequence 
(Primer SI; Table I), followed by cDNA purification using GF,X spin 
columns. In vilro transcription was completed in the presence of biotinyl- 
ated ribonucleotides by using a BioArray HighYield RNA Transcript 
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Table 1. Oligonucleotide primers 



Gene and primer 
direction 



51 


OTrgo (dT) 


Cassette A 


SAGE 


Cassette B 


SAGE 


S2 


SAGE • 


S3. 


SAGE 


GP4 


Glycoprotein IIB |FJ 


GP5 


Glycoprotein IIB |R| 


GP6 


Glycoprotein IIIA |F) 


GP7 


Glycoprotein IIIA |R) 


PAR18 


PARI |F) 


PARIS 


PARI |R) 


SR8 


16SrRNA|F] 


SR9 


16SrRNA|RJ 


NADH10 


NADH2 (F) 


NADH11 


NADH2 |R) 


THYM12 


Thymosin p4 |F) 


THYM13 


. Thymosin p4 |R1 


ClUSH 


Clusterin|F| 


CLUS15 


Clustetin |RJ . 


NRG 16 


Neurogranin |FJ 


NRG17 


Neurogranin [R) 




T-ceK receptor 


TCR18 


8-chain [Fl 




T-cell receptor 


TCR19 


p-chain 1R) 


CD4520 


Ct»5|F) 


CD4521 


CD45 |R| • 



Sequence (5' - 3') 



Nucleotide 
Position 



5 ' - Bn - GGCCAGTGAATTGTAATACGACTCACTATAGGGAGGCGG- (dT|„-3' 



5 ' - TTTGGATTTCCTGGTCGAGTACAACTAGGCTTAATCCGA CATG - 3 ' 
3'- •CCTAAAOGACCAGCTCATGTTGATCCGAATAAGGCTp-S* 
5 ' - pTT CflTG GCGGflGACGTCCGCCACTAGTGTCGCAACTGACTA • - 3 ' 
3' - WAAGTACCGCCTCTGCAGGCGGTGATCACAGCGTTGACTGAT- 5' 



- Bn - GGATTTGCTGGTCGAGTACA- 3 ' 
-Bn-TAGTCAGGTGCGACACTAGTGGC-3* 

- AGGGCTTTGAGAGACTCATCTGTA-3' 

- ACAATCTTGCTGTTTGGATTCTG- 3 ' 

- TATAAAGAGGCCACGTCTACCTTC- 3 ' 

- CACTTCCACATACTGACATTCTCC- 3 ' 

- AATGTC AGTTCTGATATGGAAG CA - 3' 
- CCCAAATGTTCAAA CTTCTTTAGC - 3 ' 
-TGCAAAGGTAGCATAATCACTTGT- 3 ' 
- GTTTAGGACCTGTGGGTTTGTTAG - 3 * 

- CT AGCCCCCATCTCAAATCATATAC- 3 ' 
- AATGGTTATGTTAGGGTTGTACGG-3 ' 

- AAGACAGAGACGCAAGAGAAAAAT- 3 ' 

- CCAGCACAGTCATTTAAACTTGAT- 3 ' 

- CCAACAGAATTCATACGAGAAGG- 3 ' 

- CGTTATATTTCCTGGTCAACCTCT- 3 ' 
- GCCL 1 1 i i AGTTAGTTCTGCAGTC - 3 ' " 
■ TTTTCrrr AAGTGAGTGTGCTTGG - 3 ' 



5' - CCACAACTATGTTTTGGTATCGT- 3' 

5 ' - CTAGCACTGCAGATGTAGAAGCT- 3 ' 
5 ' - GCTC AG AATGGACAAGTA - 3 ' 
5 ' - CACACCCATACACACATACA - 3 ' 



2094-2117 
.2301-2279 
2335-2358 
2532-2509 

2585- 2608 
2776-2753 

2586- 2609 
2785-2762 " 
4875-4898 
5075-5052 

135-158 
336-313 
1006-1028 
1222-1199 
1351-1374 
1567-1544 



332-310 
3771-3788 
4280-4261 



|FJ indicates forward (sense) strand; [R). reverse (anltsense) strand; Bn. biotin; p. a phospborytated 5' end (cassettes Aand B): underfining, W/ain sites in cassettes Aand B; 
arrows, con expending sequence (or S2 and S3 within cassettes A and B. respectively: bold, the Mme\ site; and N. A. C. ,T, or G. nucleotide position based on the following 
accession numbers: glycoprotein IIB (J02764). glycoprotein IIIA (M35999). PARI (M62424). 16S rRtMA and NADH2 (NC^ 001807). thymosin 04 (M17733). ctuslerin (M25915), 
ncuiogianin (X99076). "ICR p-chain (AF0431B2), CD45 (Y00638). 

'Indicates an amino-modified 3' end in both cassettes: — . not applicable. 



Labeling Kit (Enzo Diagnostics, Farmirigdale. NY), and. after melal- 
induccd fragmentation, 15 p-g biohnylated cRNA was hybridized to the 
J)G-U95Av2 oligonucleotide probe anay for 16 hours at 45°C After 
washing, the cRNA was delected wilb sireptavidm-phycoeryihrin (Molecu- 
lar Probes, Eugene, OR) and analysis was completed by using a Hewlett- 
Packard Gene Array Scanner (Aflymctrix). The average difference value 
(AD) for each probe set was quantified using MAS 4.01 software 
(Affymctrn), calculated as an average of fluorescence differences for 
perfectly matched versus single-nucleotide mismatched 25-mer oligonucle- 
otides (16 to 20 oligonucleotide pairs per probe set). The software is 
designed lo exclude "positive calls" in the presence of high average 
differences with associated high mismatch intensities. 

SAGE profiles 

Platelet SAGE libraries were generated essentially as previously de- 
clined. 1 ' modi lied as outlined in Figuie I for the use of Mme\ as the 
lagging enzyme." This type IIS rcstriciion enzy me cleaves 20 of 1 8 bp past 
its nonpalindroniic (TCCRAC) recognition sequence, thereby generating 
longer tags (21- or 22-mcr) than those oblained using Bsmf\ as the standard 
tagging en? vine (13-14 bp tags). These longer .Vmel-gcneratcd tags 
|X>ientially provide for more definitive "tag-to-gene" identification and are 
particularly useful in characterizing expression patterns in the absence of 
complete genomic sequence data (comprehensive methods detailed in Dunn 
ct al'-V Briefly. poiy(A)mRNA was isolated from 10 (ig total platelet RNA 
using the oligo-ldT) SI primer conjugated to magnetic heads (Dynal 
Biotech. Lake Success. NY), followed by cDNA synthesis using Super- 
script II icvcrse transcriptase (Invitiogen). The cDNA was then digested 



with the restriction enzyme NfaU] (anchoring enzyme), ligated to cassette A 
using T4 DNA ligase, and,, after ibe beads were extensively washed, the 
cDNA was digested with Mme\ to release the tags from the beads. Afler 
purification, tags were ligated to degenerate cassette B linkers (specifically 



IwfaM i-bttki odlXV 




Figure 1. Schema outlining the modified SAGE protocol used in platelet 
analyses. The fmsJ tags Die Ranked by the Wtolll (anchoring enzyme) CATG 
sequence, thereby providing tag-to-gene idenlitrcalion when exported lo a relational 
database ne'er lo'Bioiiitorrnalic analyses" and lable l lor details). 



2288 GNATENKOelal 
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designed lo anneal to ihe nonuniform Mmel overhangs), and PCR-amplified 
using biolinylaled primers S2 and S3 for 30 cycles (95°C for 30 seconds; 
58°C for 30 seconds; 72°C for 30 seconds) using Platinum Taq DNA 
polymerase (Gibco BRJL). A fraclion (20%) of the pooled PCR products 
were then subjected lo one round of linear amplification using primer pair 
S2/S3, followed by a second round of 25 amplifications using primer S2 
alone (95°C for 30 seconds, SfCC for 30 seconds, 72°C for 30 seconds).' 
Primer S3 was subsequently added for one cycle (95°C for 2.5 minutes, 
58°C for 30 seconds, 72"C for 5 minutes); the latter steps were collectively 
adapted to exclude heteroduplex formation." 1 Unincorporated primers were 
removed by incubation with 200 U Escherichia coli e*omiclease I for 60 
minutes at 37°C PCR products were then pooled and digested with Moll] 
lo release lags, and biolinylaled linker arms were cleared using streptavidtn- 
coated immunoaffinily magnetic beads (Dynal Biotech). Tags were con- 
catamerized using 5 U/jxL T4 DNA ligase, and products more lhan 100 bp 
were isolated by size-ftactionaiion in lowrmelting agarose gels. The DNA 
was purified by GFX spin columns, and the concalamers were cloned into 
the5pM site of pZero (Invitrogen). Afler transformation into E coli TOP 10 
cells, recombinant clones were isolated and sequenced in °6-well microliter 
plates using, an AB1 377 sequencer and ABI Prism BigDye terminator, 
chemistry (Peikin-Elmcr Applied Biosystems, Branchburg, NJ). . 
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Figure 2. Determination of platelet purity. (A) Total ccflutef RNA (1.8 (19) from 
platelet-rich plasma (PRP) or purified platelets from a single apheresis donof were 
analyzed by RT-PCR (35 cycles) using ofigonucJeotide pijmcrs specific for glycopro- 
tein lib (GPIIb), T-cefl receptor p-chain (T CRp), or CD45; 10 pL of the 50 »iL reactions 
were analyzed by ethidiunvstoined agarose gel electrophoresis. Minimal to no TCRp 
gene product was visually evident only trt PRP. Size markers corresponding to 
tfaem-reslrtcled $X174 DMA are shown. (B) Real-time RT-PCR was completed by 
using 1.8 jig total RNA and TCRp-specific oligonocJeotfdo primers optimized tor 
quantitative analysis by real-time PCR. ,B On the basis of parallel determinations 
using RNA isolated from known amounts of purified leukocyte standards, the 
leukocyte-depletion protocol represents an approximate 2.5-tog purification from the 
starting PRP. Results are representative ol one complete set of experiments repeated 
on 2 separate occasions, and data points represent the mean from triplicate wells, 
with standard errors of the mean (SE M) less than 1 % (not shown). 



Bioinforrnatic analyses 

Functional grouping of genes determined to be present by Affymeirix MAS 
4.01 software was performed using a dChip program linked to the National 
Center for Biotechnology LocusLink, which is an annotated reference 
database for genes and their postulated functions. 30 Of the approximately 
J2 600-probe sets represented on the Affymeirix HG-U°5Av2 Gene chip, 
functional annotations exist for approximately 8100 with the remainder 
categorized as unknown. Microarray data were visualized and analyzed 
using BRB-ArrayTools software (Version 2.1), kindly developed and 
provided by Dr Richard Simon and Amy Peng (limis.nci.nih.gov/BRB- 
ArrayTools.htmJ). A logarithmic (base 2) transformation was applied to Ihe 
average difference values for individual data sets for determination of 
microarray concordances. Discordancy was defined as a 2-log difference in 
the maximum tog intensities between individual experiments. 

SAGE lags were extracted by using in-house SAGE software uniquely 
modified to identify Afmel tags. The software ensures that only unambigu- 
ous 21- to 22-bp tag sequences are extracted for transcript profiling. Tags 
with ambiguities (Ns), lengths other lhan 21 or 22 bp, or with ambiguous 
orientations were extracted to separate files for manual editing or further 
examination. Finalized data were exported to a relational database for tag 
quantification and genetic identification/ 0 



Results 

Platelet purification 

To ensure ifiat the RNA profiles accurately represented those of 
circulating blood platelets, a number of complementary methods 
were implemented lo remove contaminating nucleated leukocytes. 
Purification methods incorporating gel filtration, a 5-p.m leukocyte 
reduction filter, and magnetic 0D45 immunodepletion allowed for 
Ihe cumulative enrichment ol highly purified plaielets. The efficacy 
of this 'purification method was initially established by using, 
peripheral blood platelet-rich plasma as the starting material. The 
final product contained no more lhan 3 to 5 leukocytes per I X I0- V 
platelets as determined by parallel flow cytometric analysis, 
representing an approximate 450* fold 1 eduction of nucleated 
leukocytes. These results condyle J well with molecular evidence 
for leukocyte depletion as deteimincd by RT-PCR using both CD45 
and T-cell receptor fi-ebnin (TCRfJ) primers |see Figure 2). 
Because ihe total RNA yield from peripheral blood platelets was 
insufficient for mieroanny studies, wc adapted the protocol to 
platelet apheresis donors with neatly identical final purity (Figure 



2). The platelet recovery was nearly 65% of the starling material, 
yielding approximately 2.3 X JO" platelets from an initial aphere- 
sis pack containing approximately 3.6 X I0 n platelets. The bulk of 
the losses occurred during Ihe initial centrifugation and filtration 
steps. The purification protocol was less effective at removing 
erythrocytes, although there were less than 50 gjycophorin-positive 
. cells per J X 10 5 platelets afler the final purification step. Nonethe- 
less, these cells represent unlikely sources for contaminating 
cellular RNA (see "Cellular microarray analysis" below). 

Cellular microarray analysis 

The purified platelet RNA was sufficient for microarray studies and 
was used for cRNA generation and hybridization to the AfTymetrix 
HG-U95Av2 GeneChip. The anatomic profile of platelet RNAs 
from 3 healthy male donors was determined by using AfTymetrix 
software. Of the 12 599 probe sets imprinted onto the chip, a 
maximum of 2J47 (17%) transcripts were computationally identi- 
fied as "present" by the Affymerrix software, 152 (1.2%) were 
equivocal, and nearly 82% were absent. As a fraction of the total 
genes present on the chip, ihe percentage of platelet-expressed 
genes (15%- 17%) was generally lower than that obtained from 
other human cell types in which 30% to 50% of genes are present as, 
determined by Affymeirix software (J. Schwedes, personal commu- 
nication, May 2002). The "limited number" of platelet-expressed 
transcripts presumably reflects the lack of ongoing gene transcrip- 
tion in the anuclcale platelet. Because. less than 1% of circulating 
red blood cells contain residual RNA, it is unlikely that any of these 
transcripts are erythrocyte derived, although this was formally 
addressed by isolating total cellular RNA from 20 mL of. whole 
blood (corresponding to an — 3-log fold excess of erythrocytes than 
that identified in our final sample). The total cellular yield of RNA 
from this starting material was approximately 250 ng, suggesting 
that less than I ng erythrocyie-derived RNA was present in the 
purified plaielet preparations. Despite this, however, both o- and 
(i-globin transcripts — along with both the ferritin heavy and light 
chains — were identified as abundant transcripts (Table 2). Al- 
though the most parsimonious explanation would be residual contami- 
nating reticulocytes, this is not supported by our erythrocyte contami- 
nation estimates., and their significance remains unresolved. 

As a means of belter dissecting the molecular anatomy of the 
platelet, expressed genes were grouped on the basis of assigned 
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Table 2. Top 50 human platelet-expressed genes 





Gene symbol 


AO V3hj6S, 


Gone transcnptt 


Leukocyte expression) 


" MI7733 


TMSB4X 


140142-307 852 


Thymosin 84 mRNA. complete cds 


+ 


X99076 


NRGN 


101 510-148 279 


Neurogranin gene 


+ 


M25079 


HUB 


40 839-229 556 


B-gtobtn mRNA, complete cds 


+ 


M25915 


CLU 


84 720-140 246 


Complement cytotysrs inhibitor (clusterin) complete cds 




J04755 


FTHP1 


82 980-148 621 


Ferritin H processed pseudogene, complete cds 


- 


D78361 


OAZ1 


73098-118 140 


mRNA tor ornithine decarboxylase anlfeyme 


- 


X04409 


GNAS 


77 761-94 781 


mRNA Tor coupling protein G(s) o-subunit (alpha-Si) 


- 


M25897 


PF4 


62811-126 908 


Platelet factor 4 mRNA. complete cds 


- 


AB021268 


B2M 


61689-108 921 


^-microglobulin 


+ 


X00351 


ACTB 


25 143-73 775 


mRNA tor B-actin 


- 


D21261 


TAGLN2 


76 687-101 931 


mRNA tor KIAA0120 gene . 




AL031670 


FTLL1 


69 865-99 966 


-* FeniBn, fight polypeptide 1 


+ 


U59632 


' GPIIB 


■ 41404-110328 


Platelet glycoprotein top chain mRNA 


_ 


M2112I 


CCL5 


47 308-106 399 


T-ce&-specifie protein (RANTES) mRNA, complete cds 




■ X13710 


GPX1 


41 318-96 876 


Unspliced mRNA tor glutathione peroxidase 


_ 


J00153 


HBA1 


21 326-144 201 


Alpha globih gene cluster on chromosome 16 


+ 


M22919 


MYL6 


46 337-106 833 


Nonrnusdefcrnootn muscle alkali myosin light chain gene 




120941 


F1H1 


52 787-74 763 


Fenitin heavy chain mRNA, complete cds 




J03040 


SPARC 


51 156-74 261 


SPARC/osleoneclin mRNA, complete cds 




X56009 


GNAS 


45 543-72 096 


GSA mRNA for a subunit ol GsGTP binding protein ' 




X58536 


HIA 


31 183-82 613 


mRNA tor major HLA class 1 locus C heavy chain 




M54995 


PPBP 


46 571-67 169 


Connective tissue activation peptide III mRNA 




U34995 


GAPD 


35095-70 250 


Normal keratinocyle subsbaction library mRNA, clone H22a 




L40399 


MLM3 


32 107-73 364 


Clone Zap1 12 (mulL protein hornolog 3) mRNA 




X77548 


NC0A4 


31 452-61 036 


cDNA lor RFG (RETprolo-oncogene RET/PTC3) 




U9055I 


H2AFL 


35 0B6i-51 892 


Hislone 2A-like protein (H2A/I) mRNA. 




M11353 


H3F3A 


31 614-55 813 


H3.3 histone class C mRNA 




212962 


RP141 


36 003-54 853 


noRNA tor homologue to yeast ribosomal protein L4 1 




X06956 


TUBA1 


20988-61798 


HALPNA 44 gene lor a-tubuRn 




AB028950 


7LN1 


24 571-58 611 


mRNA (or KIAA 1027 protein 




Y12711 


PGRMC1 


33 680-43 174 


mRNA (oi putative progesterone binding protein 




MI6279 


MIC2 


30 894-48 1 66 


Integrated membrane protein (MIC2) mRNA . 




078577 


YWHAH 


. .24 785-50 437 


Brain 14-3-3 protein p-chain 




AF070585 


TOP3B 


20 027-67 945 


Clone 24675. unknown cDNA 




AA524802 


Unknown 


23 846-39 481 


CDNA. IMAGE clone 954213 




AB009010 


UBC 


28 745 38 389 


mRNA lor potyubiquilin UbC 


+ 


X57985 


H2AFO 


21 678-52 108 


Genes tor histones II2B.1 and H2A 




X54304 


MLCB 


25 733-34 109 


mRNA for myosin regulatory light chain 




Ml 4539 


F13A1 


23 691-48 474 


Factor XIII subunit n-polypeptide mRNA. 3' end 




AI540958 


Unknown 


24 872-11 118 


cDNA. PEC 1.2_15_HOI,r 5' end/clon 




AL050396 


FLNA 


13 634-55 235 


cDNA DKFZp 586KI720 




X56841 


HLA-E 


12 890-49 327 


Nonclassical MHC class I antigen gene 




M26252 


PKM2 


15 450-17 786 


TCB (cytosolic thyioid hormone. binding protein) 




M14630 


PIMA 


19 314-45 088- 


Prothymosin alphamRNA 




AF045229 


RGS10 


19 156-34 243 


Regulator ol G piolein signaling 10 mRNA 




AA477898 


Unknown 


16 863-44 756 


cDNA. 2»34I08.>I 5' end 




X9S404 


FL1 


15 216-37 456 


mRNA tor nonmuscle type cofilin 




M34480 


I1GA2B 


8 627-45 495 


Platelet glycoprotein lib (GPIIb) mRNA 




Z83738 


H2BFE 


18 001-31 306 


HH2B/e gene 




119779 


H2AFO 


17 319-38 951 


Histone H2A.2 mRNA. complete cds 





•Gene e>picss,nn quantifications were calculated as Ihe oveioge dilleience (AD) value (matched versus mismatched oligonucleotides) lor each probe set using Asymetrix 
Gc.*Ch,p soltwaie. veisw 4.0t. The range ol values l.om 3 distinct platelet rrK.oar.ays is shown: the nomralization value lor all mic.oar.ay analyses was 250 

fT.anscnpis a.e ordered (highest to lowest) using BRB-Anaylools solrwa.e by log -intensities ol AD values obtained horn 3 dille.enl healthy donors; 33 ot Ihe top 40 
Iransuipls wcie listed among Ihe top 50 in all 3 micioai.ay sets. 



(Leukocyte e»p.ession was dclennined by microar.ay analysis using punted pe.iphe.al Wood leukocytes. IcJIowed by construction ol.ank-inlensityplols lor 
;lel top 50 trnnsciipls.'»lop leukocyle-deiivcd lianscripls identified %vilhin ihe ranked lop 50 plalelel transcripts a.e depicted by a |) ) piesent. o. (- ) absent 



platelet 

cds indicates coding sequence. 



companson to 



gene annotations, and this nnalysis was used to proviile a pan- 
■uiitinic definition of the platelet iransciipiome. Of Ihe genes lltai 
could be cataloged within assigned "clusters."' those involved in 
metnbolistn (11%) and teceplor/signaling (11%) represented lite 
largest groups. Also evident in these analyses is the relatively latge 
percentage ol genes involved in functions unrelated to these key 
groups lie. miscellaneous, 25%). and the overrepresentation of 
genes wiih unknown function (32%) as annotated by Affymetrix 



and RclScq databases. 31 These tcsnlts identify a vast array (nearly 
one half) of platelet genes (and gene products) thai presumably 
have important, bul pootly characletized functions, in platelet 
and-'ot megakaryocyte biology. 

Although microanay analysis is nol truly quantitative, rank- 
ordering using the mean log-intensities from 3 independent microar- 
ray analyses allowed for the categorization of the lop platelet 
transcripts (Table 2). Compulalional analyses demonstrated that 
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only ] 0 of Ihe lop 1 00 genes were discordant among the 3 platelet 
microarrays, although 71 of 100 genes were discordant between 
platelet and leukocyte arrays. An inventory of (Tie top 50 platelet 
genes is listed in Table 2, which also delineates those found to be 
highly expressed in peripheral blood leukocytes by parallel microar- 
ray experiments with this purified cellular fraction (data not 
shown). Further analysis of these cell subsets demonstrated that 
approximately 25% (n = 547) of Ihe total platelet transcripts were 
platelet restricted. Furthermore, only 10 of the 50 most highly 
expressed genes were found to overlap,- confirming the distinct 
cellular profiles of each Iranscriptome. Of the 12 overlap genes, 3 
corresponded to globin or ferritin chains (again suggesting the 
presence of contaminating reticulocytes in both purified fractions), 
and another 4 were involved in actin cyloskeletal reorganization 
and human leukocyte antigen (HLA) expression, gene products that 

. regulate critical functions in both cell types. Given the importance 
of cyloskeletal reorganization in downstream platelet activation 
events, it is not unexpected that components of the actin machinery 
system would demonslrate prominent transcript expression. Previ- 
ous estimates suggest that 20% to 30% of the total platelet 
proleome is comprised of aclin with other components such as 
actin-binding protein, mysosin, and talin accounting for an addi- 
tional 2% to 5% of Ihe total protein.'-" The mRNAs encoding the 
actin-related machinery are overrepresenled in our microarray 
analysis, wilh 8 such transcripts found among Ihe 50 highest 

. platelet-expressed genes. Interestingly thymosin (34 demonstrated 
Ihe highest expression pallern. In unstimulated platelets, 30% to 
40% of aclin is polymerized as F-actjn 22 whereas Ihe balance of 
aclin monomers (G-aclin) are polymerization inhibited by seques- 
tering proleins such as profilin (J 00 u.M) and thymosin (34 (600 
u-M)." The high thymosin 04 transcript expression not only 
correlates wilh its known abundance in plalclels but also supports 
ihe importance of aclin inhibitory proleins in mainlnining ihe 
nonslimulated slate of circulating platelets. 

Platelet SAGE analyses 

Although these initial studies identified the distribution and relative 
expression patterns of Ihe genes within the Affymelrix data set. 
they do nol allow for analyses of genes that arc unrepresented by 
Ihese oligonucleotide chips. Unlike closed microarray profiling 
strategies, SAGE is an open architectural system that is ideally 
suited for novel gene and pathway identification. Accordingly, the 
platelet RNA used for microarray studies was used for plalelel 
SAGE. A total of 2033 lags were initially cataloged, of which 1800 
(89%) corresponded to niilochondrial-derived genes. These results 
weie quite different from those obtained by microarray analyses, 
but the discrepancy can be resolved by the nonrepresenlation of the 
mitochondrial genome on the gene chip. The mitochondrial ge- 
nome is a compact approximately 16.6-kilobnse (kb) sequence 
encoding 13 genes and 2 ribosomal subunits." Primary mitochon- 
drial nanscripts are pblycislionic anil typically contain premanire 
termination or unpredictable splice sites, resulting in multiple 
polyadenylared transcripts from individual genes. Indeed, the 
overall distribution of platelet-derived mitochondrial SAGE lags is 
quite similar lo that found in mnsclc. 2: All 13 genes containing 
/v/idll sites were detected, whereas neither of the non-A'Mlll- 
conlaining genes were identified (nicotinamide adem'ne dinuclco- 
lide INAD1I] dehydrogenase subunil 41. and adenosine triphos- 
phatase lATPase) 8). Most of the tags were from the I6S and J2S 
ribosomal RNAs — which collectively accounted for 68% of the 
total mitochondrial tags — with rhc fewest raes represented by 
NADH dehydrogenase subunils 3.5.6. and cytochrome c oxidase J 
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Figure 3. Schema of the mitochondrial genome with SAGE tag distributions 
(only tags with identical matches are displayed). The abijndarrce of the SAGE 
tags (n = 1800) at individual Atolir sites (arrows) within the mitochcndrial neavy 
strand is shown on the bottom, whereas Ihose lags conesponoVrg lo the mitochon- 
drial light strand are delineated above the arrows (the presence of an unaccompanied 
arrow implies no SAGE tags at that Nferlll site). The gene products of mt-DNA 
■ (ReiSeq accession no. MC_001B07) are delineated by the open rectangles, whereas 
. stippled boxes represent tRNA genes and control regions (the single lag represented 
by. the ("J refers lo mitochondrial transfer RNA-serine). Note thai* NADH6 is encoded 
by the fight strand and that there are no W/atll sites within Ihe ATPaseB gene segment. 
COInJ. cytochrome c oxidase subunil: Cyt b. cytochrome b. 

(Figure 3). The NADH dehydrogenase subunil 6 RNA is Ihe only 
mRNA encoded by the light (L) strand of mitochondrial DNA and 
was the least abundantly detected transcript. 

The unusually high preponderance of mitochbndrial-derived 
genes is not inconsistent with Ihe known enrichment of ihese 
genomes in human platelets,'-" and presumably reflects persistent 
transcription from the mitochondrial (mt) genome in the absence of 
nuclear-derived transcripts. This overrepresentation of mlDNA in 
platelets is considerably greater than thai of its closest cell type 
(skeletal muscle), in which ml genomes represent approximately 
20% to 25% of all SAGE tags. 25 Interestingly, the energy metabo- 
lism of platelets is nol dissimilar from that of skeletal muscle, both 
cell types actively using glycolysis and large amounts of glycogen 
for ATP generation. 2 ^ Like muscle, platelets are metabolicajly 
adapted to, rapidly, expend large amounts of energy required for 
aggregation, granule release, and clot retraction. Similar to the 
situation in all eukaryolic cells, platelet mitochondria represent the 
primary source of ATP, which is generated from oxidative phosphor- 
ylation reactions occurring within these organelles. Mitochondria 
3re also responsible for most of the loxic reactive oxygen species 
generated as by-producls of oxidative phosphorylation and are 
cenlra) regulators oT Ihe apoplotic process in olher cellular types. 
Ihe mlDNA encodes polypeptides found within 4 of Ihe 5 
multifunctional complexes thai regulate oxidative phosphorylation 
within the platelet mitochondria. 27 Whether the continued genera- 
tion of Ihese polypeptides has a role in platelet energy metabolism 
and/or the apoptotic mechanisms regulating plalelel survival re- 
mains speculative, although not inconsistent with our observations. 

Comparative analysis of SAGE and microarray 
transcript abundance 

Complete SAGE libraries require the sequencing of up to 30 000 
lags for an exhaustive cataloging of individual mRNAs, especially 
those wilh limited copy numbers." 2 ' Given Ihe preponderance of 
mt-derived transcripts, comparable sampling would have required 
sequence analysis of nearly 300 000 SAGE tags, an inordinate 
number for comprehensive analysis of the plalelel Iranscriptome. 
For plalelets, alternative methodologies incorporating subtraclive 
SAGE will be required for more comprehensive transcript profil- 
ing. ' 9 Out inirial sampling of nonmitochondrial genes remains 
infonuative. however, and entirely consistent with, the results of 
platelet microarray studies. As show n in Table 3, SAGE lags for the 
genes encoding thymosin (3-1, (32- microglobulin, neurogranin, and 
the platelet glycoprotein lbfj polypeptide were among Ihe most 
frequently identified plalelel genes, similar lo Ihe rank-ordered 
results determined by microarray analysis. To formally confirm the 
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Table 3. SAGE-idcntifled nonmilochondrial lags 



Frequency 


CATG + SAGE lags - 


Accession no.t 


Gene 


Microarray? 


26 


GTTGTGGTTAATCTGGT 


NM_0O4048.1 


f32-miaoglobulin (B2M). mRNA 


PPP 


21 


TTGGTGAAGGAAGAAGT 


NM.021 109.1 


Thymosin p4 ; 'X chromosome (TMSB4X). mRNA 


P 


6 


AGCTCCGCAGCCAGGTC 


NM_0O2620.1 


Pblelel iDCtor 4 vw'ranl 1 (PF4VI). mRNA 


P 


8 


AGCTCCGCAGCCGGGTT 


NM_002619.1 


Platolel lactor 4 (PF4), mRNA 


P 


7 


' TGTATAAAGACAACCTC 


NM_002704.1 


Proplaletel basic protein (p^-thromboglobufin) 


Pp 


5 


GGGCACAATGCGGTCCA 


NM_OO0407.1 


Glycoprotein (bp polypeptide. mRNA 


P 


3 


AGGTAATAAAAGGTAAT 


NM_00351Z1 


H2A histone lamrry. member L (H2AFL), mRNA 


P 


• 3 


AGT GGCAAG7 AAA7GGC 


NM_021914.2 


Colilin 2 (musde) (CFL2). mRI^A 


N/A . 


.3 


TGACTGTGCTGGGTTGG 


NM_0O6176.1 


Neurogranin {protein kinase C substrate. RC3) mRNA 


P 


3 


TTGGGGtTrCCTTTACC 


NM_002032.1 


. Ferritin, heavy polypeptide 1 (FTH1). mRNA 


P 


2 


CCCTTGTGACTACCTAT 


NM.025158.1 


Hypolhetical protein FU22251 (FU22251). mRNA 


N/A 


2 


CCTGTAACCCCAGCTAC 


NM.032779.1 ' 


Hypothetical protein FU14397 (FLJ14397). mRNA 


N/A 


2 


' CTTGTAGTCCCAGCTAC 


NM.017962.1 


Hypothetical protein FLJ20825 (FLJ20825), mRNA 


N/A 



Unique tags identified more than once. . 

1 Refers to the RefSeq accession no. 31 Note that this number does not necessarily correspond to the accession no. provided by Affyrneuix software annotations (Table 1). 

{Presence (P) or absence (A) is based on results from 3 distinct platelet microanay experiments. Capitalized "P.* designates a gene that is in the top 50 on all 3 microarray 
experiments, whereas small *p" designates those transcripts not.in the top 50. Two of the genes (p2-microglobuiin and f>lhromboglobulin).are represented by 3 and 2 probe 
sets, respectively, on the HG-U95Av2 gene chip: for p2-M. all 3 probe sets were in the top 50 genes, whereas for thymosin p4 1 of 2 was;. in the top 50 for all experiments (the 
other probe set was in the top 75 for all experiments). N/Aindicales oligonucleotide not present on Affymetrix HG-U95Av2 gene chip. 

- sented here. Overall, a total of 126 unique tags were identified, the 
majority of which (94) were represented only once. Of the tola) 
unique tags, nearly one half represented novel genes hot present on 
the Affymetrix U95Ay2 GeneChip. Of the genes with unique tags 
identified more than once, there was excellent concordance with 
microarray expression analysis, with nearly all of the SAGE tags in 
Table 3 corresponding to platelet top 75 microarray transcripts. The 
platelet factor (Pr 7 ) 4 Variant represents a single aberration because 
this was rank-ordered approximately 350 by microarray, although, 
its SAGE lag frequency was identical to that of the predominant 
PF4 transcript. The lack of extensive nonmitochondrial SAGE 
sampling precludes any further extrapolations from this apparent 
aberration. Of note, a subset of these lags had long poly(A) tracts; 
although ilicy all corresponded to genes identified in the RefSeq 
database. ?l We cannot exclude the possibility of a SAGE artifact 
for this small subset of tags (~2%, representing 46 of 2033 lags), 
although the authenticity of the vast majority of tags (—98%) 
clearly validates the methodology. These tags are most likely 
explained by the unique biology of the platelet (ie, mRNA decay in 
the absence of de novo transcription) or to mRNA degradation 
occurring during ihe extensive purification methods. In summary, 
even with a remarkably limited sampling, the power of this 
approach in gene identification of relatively abundant and less 
abundant transcripts is evident. It is clear, however, given the 
unique molecular anatomy of the platelet (ie, abundance of 
mitochondrial transcripts), Ibat SAGE adaptations will be required 
for more comprehensive genetic, profiling. 79 

Protein immurioan3lysis ol platelet clusterin and neurogranin 

Although most of the "most abundant 1 ' transcripts would conform 
to n priori predictions for platelet-expressed mRNAs, a number of 
transcripts were identified that had been poorly characterized in 
human platelets. To further establish the authenticity of highly 
expressed transcripts such as clusterin and neurogranin, confirma- 
tory protein analyses were completed. As shown in Figure 5, both 
proteins were clearly detected in purified platelet lysates; further- 
more, their cellular platelet distributions conformed to those 
predicted based on previously proposed functions. Note for ex- 
ample that clusterin — functionally characterized as a complement 
lysis inhibitor able to block the terminal complement reaction' — is 
primarily expressed on the extracellular platelet membrane. Jl> 



results independently obtained by SAGE and microanay analysis, 
quantitative RT-PCR was completed by using oligonucleotide 
primers specific for 2 abundant mitochondrial transcripts, 16S 
rRNA and NADH2 thymosin £4 (high-abundance by microarray 
and SAGE), 2 incompletely characterized high-abundance tran- 
scripts (neurogranin and clusterin; see "Protein immunoanalysis of 
platelet clusterin and neurogranin"), a low-abundant transcript 
(T-cell receptor 13-polypeptide), and the genes encoding proteins 
with well-established quantitative determinations (ie, glycoprotein 
ciidPj [~50 000 receptors/platelet); protease-aclivated receptor-] 
(PAR I) [—1800 receptors/platelet)).' As shown in Figure 4, these 
analyses reveal excellent concordance between SAGE and microar- 
ray studies, demonstrating the predominanl frequency of the 
mitochondrial-dcrived I6S rRNA/NADH2 transcripts, with incre- 
mentally lower expression of other transcripts as -initially demon- 
strated by microarray (16S > NADM2 > thymosin (34 > neurogra- 
nin > clusterin > cijrnp., > PARI > TCRP). 

Given Ihe small number of nonmitochondrial SAGE lags 
available for analysis (n = 233), limited conclusions can be drawn 
using traditional (nonsubiraction) platelet SAGE libraries as pre- 




Cyttemtmb*. 



Figure 4. Quantitative real-time RT-PCR analysis of platelet transcripts. Real- 
time RT-PCR was completed by using purilied platelet RNA and oligonucleotide 
primer pairs specifically designed using Piiniei3 sollwaie to generate similarly-sized 
(-200-bp) PCR pioducls. optimi7cd lo Ihe some annealing temperature. In graph. 
(□) represents lib. (■) represents Ilia, (i) represents PARI. (A) represents 16S 
rRNA. (V) represents NADU?. (▼) represents thymosin, |0) represents ctuslerin. (♦) 
represents neurogranin. and (•) represents TCRp Curves are representative ol one 
complete set ol experiments (repeated twice), and line plols reflect average 
determinations trorn 3 v.-clls performed in parallel with SEM less than 1% lor alt 
data points. 
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Figure 5. Immunoanalysis ot platelet neirrogranrn and 
chKlerin. (A-D) Get-filtered pfateteh were either (wed "n 
3,7% Ibrnraktehyda (nonpcmiaaliiBzsd) or fixed with perrne- 
abiizaSon in the presence of 0.1 X Tlkn-X; followed by Bow 
cytometric analyse using anWusternar^ . 
rogranin antibodies and the FTTOconjugalod spedes- 
specJic secondary antibody fin . C. the FiTC^onjugated 
anfirabbit and anlimouse controls are 'essentially superirn- 
posed). (E-f) Ten micrograms of soruMized HepG2 cells 
(hepatccyte eel tnej, human brain, or puriftbd ptalotet rysates 
were analyzed by SOS-PAGE,^ end irnrnuncblol analysis 
were completed by using i:10W dfcifcre ot either anfineuro- 
granin (18% SDS-FW3E) or antdusterin (8% SO&PAGE) 
antibodies. The antiduslerin anfijody rrxognized 2 platelet 
immunoreadive species under, shorter exposure.- Although 
the retolwe neurogronrn artddusterin protein abundances 
are suboplirnaDy quantified by ItwM.anyyses. platelet clus- 
terin appears to demonstrate considerable expression when 
compared wBi that previously identified in hepatocytos. 11 



Given the importance of complement activation in platelet destruc- 
tion, the prominent expression of cell-surface cluslerin might 
suggest a role for this protein in normal and pathologic events 
regulating platelet survival. Interestingly, a clusterin-deficient 
knockout mouse has been generated that demonstrates enhanced 
cardiac dysfunction in a model of autoimmune myocarditis. 31 
Although these mice apparently have normal baseline hemograms 
(B. Aronow, personal communication, October 2002), it remains 
uneslablished if they would be predisposed to immune-type 
thrombocytopenia in systemic models of autoimmunity. 

Similarly, the gene encoding an intracellular effector protein 
thai may have key roles in downstream platelet activation events 
has now been demonstrated to have abundant transcript expression 
in human . platelets. Neurogranin is a highly expressed platelet 
transcript with its gene product demonstrating a primarily intracel- 
lular pattern of distribution. Neurogranin is generally described as a 
brain-specific, Ca' 4 -sensitive calmodnlin-binding phosphoprotein 
that is preferentially expressed in neuronal cell bodies and den- 
drites."- 13 Ii is a specific protein kinase C (PKC) substrate that can 
also be modified by nitric oxide and other oxidants to form 
intramolecular disulfide bonds. Both its phosphorylation and 
oxidation stale attenuate ils binding affinity for calmodulin. 33 In 
stimulated platelets, PKC generation is linked to various activation 
pathways such as calcium-regulated kinases, mitogen-activated 
protein (MAP) kinases, and receptor tyrosine kinases. 1 Thus, these 
observations suggest that platelet neurogranin may function as a 
previously unidentified component of a PKC-dependcnl activation 
pathway coupled lo one (or more) of these effector proteins. 



Discussion 

These data provide documentation for a unique platelet inRNA 
profile thai may provide a tool for analyzing platelet molecular 
networks. Nonetheless, the molecular analysis of ihe platelet 
irnnscriptome may be confounded by the constant decay of 
mRNAs in ihc absence of new gene transcription, a situation lhal 
may. for example, limit ihe identification of low-abundance 
transcripts. Similarly, because ihe circulating platelet pool contains 



a mixed population of variably aged platelets, a "static" mRNA 
profile represents an average of Ibis heterogeneous blood pool. 
Despite these potential limitations, the combination of genomic 
and proteomic technologies are likely to provide powerful tools for 
the global analysis of platelet function. Current strategies for 
cataloging "whole cellular proteomes" are generally accomplished 
by using 2 developing methodologies:,(l) high resolution 2-dimen- 
sional polyacrylamide gel electrophoresis (2-DE) with mass spec- 
trometric sequence identification, 34 and (2) microcapillary liquid 
Chromatography with tandem mass spectrometry (pXC-MC/ 
MC). 35 Further modifications of both procedures have been devised 
for direct comparative studies between 2 cellular proteomes. The 
introduction of 2-DE differential gel electrophoresis has now made 
it possible lo delect and quantify differences between experimental 
sample pairs resolved on Ihe same 2-dimensional gel. 36 Likewise, 
Ihe applicalion of isotope-coded affinity tags to uXC-MC/MC 
represent a novel means of quantitative analyses between cellular 
proteomes. 37 The success of both approaches relies on the availabil- 
: ity of comprehensive genomic databases and mathematical algo- 
rithms for optimal protein identification. Indeed, mathematical 
modeling studies have demonstrated the need to delineate both 
protein and mRNA expression levels for optimal definition of 
intracellular networks. 3 ' Our. data present an initial framework for 
delineating platelet function by defining the molecular anatomy of 
human platelets, information that is likely to provide important 
clues into the dynamic protein interactions regulating norma) and 
pathologic platelet functions. Furthermore, because the platelet 
Iranscriptome mirrors the mRNAs derived from precursor 
megakaryocytes, these analyses may provide insights into the 
biochemical and molecular events regulating megaknryocytopoi- 
esis and/or proplatelel formation. 



Acknowledgments 

We thank Dr Maureen Krause. Jean Wainer. and Lesley Scudder for 
assistance with some of Ihe experiments; John Schwedes (Univer- 
sity DNA microarray facility) with Ihe microarray analysis; and Ms 
Shirley Murray for manuscript preparation. 



References 



Steinberg P. I t'll R. Platelets and megakaryo- 
cytes. In: te P. el al. eds.-Wintiobe's Clinical He- 
matology. Batlimote. MD: Williams & Wilkins: 
. 1999. 

Newman P. Got ski J. White G. Gidwiu S. Cielney 
C.Aslc-rR Fnzyrnatic amplification ol platelet- 



specific messengei RNA using tire polymerase 
chain reaction J Cl.n Invesl. 19B8:8?:739-743. 
Kieltet N. Guichaid J. Fare el J. Vainchenket W. 
Bielon-Gorius J. Biosynthesis of major platelet 
pioleins in human blood platelets. Eui J Biochem. 
1967;I6'1:189-19.Y 



Weyiich A. Oi*on U. Pabla R. et at. Signal-depen- 
dent translation ol a tegolalory protein. Bel- 2. in 
activated human platelets. Proc Nat Acad Sci 
USA !998.95:5aS6 S!>6t. 
Bcnecke BJ. Ben 2e'ev A. Penman S. The control 
ot mRNA production, translation atid tutnovet in 



BLOOD, 15 MARCH 2003.- VOLUME 101 . NUMBER 6 



PLATELET TR^SCTOPT PR©FBJW5. 2293 



suspended and reattached andwrage-dependent 
fibroblasts. CeO. 1978;14:931-939. 

6. PaWa R. Weyricb AS. Dixon DA, el af. Inlegrin- 
dependent conbol of translation: engagement of 
integrin 3lphallbbeta3 regulates synthesis ol pro- 
teins in activated human platelets. J Cell Btot. 
1999;144:175-184. 

7. CNcurel ME, Singer RH, Meyer CJ. Ingber DE. 
Integrin binding and mechanical tension induce 
movement of mRNA and ribosomes to focal ad- 
hesions. Nature. 1996:392:730-733. 

8. Lindemann S. Toltey N. Eyre J. Kraiss L, Ma- 
honey T, Weyrich A Integrins regulate the intra-- 
ceDular distribution of eukaryolk: initiation factor 
4E in platelets. J Biol Chem. 2001:276:33947- 
33951. 

9. Brown EJ. Schreiber SL A signaling pathway to 
translational control. Cell. 1996;86:517-520. 

10. Rinder H. Schuster J. Rinder C. Wang C, Schw- 

' . sekJtex H, Smith B. Correlation of thrombosis with 
increased platelel turnover in thrombocytosis. 
Blood. 1998;91:1288-1294. 

11. Richards E, Bagtin T. Quantitation of reticulated 
platelets: methodology and clinical application. 
BrJHaematol. 1995:91:445-451. 

12. Robinson M. Mackie I, Khair K. el al. Flow cyto- 1 
metric analysis ol reticulated platelets: evidence 
for a large proportion of non-specific labelling of 

. dense granules by fluorescent dyes. Br J Hems- 
Id 1998;100:351-357. 

13. Velculescu V, Zhang L. Vogelstein B. Kiruler K. 
' Serial analysis of gene depression. Science. 

1995.270:464-487. 

14. Zhang L. Zhou W. Velculescu V. et at. Gene ex- 

. ■ pression profiles in normal and cancer cells. Sci- 
ence. 1997;276:1268-1272. 

15. Morin PJ, Sparks AB. Korinek V, el al. Activation 
of beta-catenin-Td signaling in colon cancer by 
mutations in beta-cotenin or APC. Science. 1997; 
275:1787-1790. 

16. BahouW. Campbell A. WichaM.cDNA cloning 
and molecular characterization of MSE55: a 



' novel human serum constituent protein that dis- 
plays bone marrow stromal endothelial cell-spe- 
cific expression. J Biol Chem. 1992:267:13986- 
13992. 

17. Bahou W. CoDer B, Potter C, Norton K, Kulok J. 
GoGgorsky M. The thrombin receptor extracellular, 
domain contains sties crucial for peptide Bgand- 
induced activation. J Cfin Invest. 1993;91:1405- 

t 1413. 

1 8. Herd C. Stevens J. Livak K. Williams P. Real-time 
quantitative PCR. Genome Res. 1996;6:986-994. 

19. Durm J, McCorkle S, Praissman L; el ol. Genome 
signature tags (GSTs): a system lor profiling 
genomic DNA Nucleic Add Res. 2001^9:137- 
140. 

20. KroflT.WolflS. Ranking: a closer look on global- 
ization methods for normalization of gene expres- 
sion arrays. Nudeic Acids Res. 2002;30:e50. 

21. Pruitt KD, MagJott DR RefSeq and LocusLink: . 
NCBI gene-centered resources. Nudeic Acids 
Res. 200129:137-140. ' 

22. . Fox JE, Boyles JK, Reynolds CC. Phillips DR. 
Actin filament content and organization in un- 
stimulated platelets. J Cell Bk>L 1984:98:1985- 
1991. 

23. Safer D. Etzinga M. Nachmias VT. Thymosin beta . 
4 and Fa, an actin-sequestering peptide, are in- 
distinguishable. J Biol Chem. 1991;266:4029- 
4032. • 

24. Wallace DC. Mouse models for mitochondrial dis- 
ease. Am J Med Gone I. 2001;106:71-93. 

25. Welle S. Bhatt K, Thornton C. Inventory of high- 
abundance mRNAs in skeletal muscle of normal 
men; Genome Res. 1999;9:506-513. 

26. Karpalk'm S. Charmatz A, Langer RM. Glycogen- 
esis and glyconeogenesis in human platelets. 
Incorpof alien of glucose, pyruvate, and citrate 
into platelet glycogen; glycogen synthetase and 
fructose-1.6-diphosphalase adivily. J Clin Invest. 

• 1970;49:140-149. 

27. Raha S, Robinson BH. Milochonctria, oxygen Iree 
radicals, and apoptosis. Am J Med Genet. 2001: 
106:62-70. 



28. YuJ.Zhar^gl^HwangP.RagoarOr^ 
gelstein B. Identification and classification of p53- 
legulated genes. Proc Nat Acad Sd U S A. 1999. 
96:14517-14522. . 

29. W3ngE.MiBerL.0hrwnachtG;LbE.M3fincpla 
F. High-fidelity mRNA amplification for gene profil- 
ing. Nal Btotechnol. 2000;1B:157-459. 

30. Kirszbauml,Sbarpd JA, Murphy B,etat Mr>. - 
lecular cloning and characterization of the novel 
human complement-associated protein, 
SP-40,40: a link between the complement and 
reproductive systems. EMBO J. 1989;8:711-718. 

31. Md^ug^lbL,ZhAiG.MisfryM,ela^ . 
tein J/clusterin limits the Seventy of murine auto- ' 
immune myocarditis; J CBn Invest; 2000;6: 1105- 

'. 11t3. 

32. MartinezDA.PenK r ^Berr^J,CofemaA. 
Structure, conization, and chromosomal map- 
ping of the human neurogranin genB.(NRGN). 
Genomics. 1997:41:243:249, 

33. WuJ,UJ.HuangK.rfaangF.Attenuab<mofPKC 
and PKA signal transduction In lho neurogranin 

- knockout mouse. J Biol Chem. 2002;277: 19498- 
19505. . . •. 

34. Gygi S, Rochon Y, Franza B, Aebersold R; Cone- • 
lation between protein and mRNA abundance in 
yeast. Mo! Cell Biol. 1999;19:1720-1730. 

35. Link A, Eng J, Schiettz DM, el al; Direct analysis 
of protein complexes using mass spectrometry. 
Nat Biotechnof. 1999;17:676-682. 

36. Unlu M, Morgan M, Minden J. Difference gel elec- 

- trophoresis: a single gel method for detecting 
changes in protein extracts. Electrophoresis. 
1997;18:2071-2077. 

37. GygiS,RistB.GerberSA.TurecekF,GelbMH, 
Aebersold R Quantitative analysts of complex 
protein mixtures using isotope-coded affinity tags. 
Nat Biotechnof. 1999;17:994-999. 

38. Hatizmanikatis V, l_ee K. Dynamical analysis of 
gene networks requires both mRNA and protein 
expression information. Metabol Eng. 1999;1: 
275-281. 



3M \M>Sm Chem l908A "' ; H;273(33):21 161-8 . Re.atedArtic.es. Links 




Oyerexpression of a DEAD box protein (DDX1) in neuroblastoma and 
retinoblastoma cell lines. 

GodboutR . Packer M . Bie W, 

Department of Oncology, Cross Cancer Institute and University of Alberta 1 1 560 
University Ave., Edmonton, Alberta T6G I Z2, Canada. 

The DEAD box gene, DDXl, is a putative RNA helicase that is co-amplified with 
MYCN in a subset of retinoblastoma (RB) and neuroblastoma (NB) tumors and cell lines 
Although gene amplification usually involves hundreds to thousands of kilobase pairs of ' 
DMA a number of studies suggest that co-amplified genes are only overexposed if they 
provide a selective advantage to the cells in which they are amplified. Here, we further 
characters DDX1 by identifying its putative transcription and translation initiation sites. 
We analyze DDXl protem levels in MYCN/DDX 1 -amplified NB and RB cell lines using 
polyc onal ant.bod.es specific to DDXl and show that there is a good correlation with 
DDXl gene copy number, DDXl transcript levels, and DDXl protein levels in all cell 
lines studied. DDXl protein is found in both the nucleus and cytoplasm of DDX1- 

Sf^mnS" l0C f P T," i,y l ° ^ nUC,eUS ° f nonam P lifie d cells. Our results 
NR T £ h m 7 bC ' nVOlVed m dthCr thC f0matl0n ^P^ssion of a subset of 
NB and RB tumors and suggest mat DDXl normally plays a role in the metabolism of 
KNAs located in the nucleus of the cell. 



PMID: 9694872 [PubMed - indexed for MEDLINE] 
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Modulation of gap junction mediated intercellular communication in TM3 
Lcydig cells. 

C-oldenbcrgR C, Fortes FS , Cristancho J1VL, Morales MM . Franci CR . Varanda W A 
Campos de Carvallio AC : 

Institute of Biophysics Carlos Chagas Filho, UFRJ, Brazil. . 

T dU ' n ' ° n ° f intercel,ular communication via gap junctions was investigated 
'"mT ^ g S > under low and high confluence states, and upon treatment of the 
'SSTr u eren ? tmeS « ith activators °f Protein kinase A (PKA) and protein kinase C 
(PKC). Cells m low confluence were readily coupled, as determined by transfer of the 
dye Lucfer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed that connexin 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and Us expression was decreased after the cells achieved confluence. Stimulation of PKA 
or PKC induced a decrease in cell-cell communication. Staurosporin, an inhibitor of 
protein kinases, increased coupling and was able to prevent and reverse the uncoupling 
actions of dibutyryl cAMP and I2-0-tetradecanoyl-phorboI-13-acetate (TPA) Under 
modulation by confluence, Cx43 was localized to the appositional membranes when cells 

rAMP™ 9 !™*? T main!y in 016 ^P 133 " 1 when they were uncoupled. In addition, 
cAMP and TPA reduced the surface membrane labeling for Cx43, whereas staurosporin 
increased ,t . These data show a strong correlation between functional coupling and the 
membrane d.stnbution of Cx43, implying that this connexin has an important role in 
intercellular communication between TM3 cells. Furthermore, increased testosterone 
secretion in response to luteinizing hormone was accompanied by a decrease in 
mtercel ular communication, suggesting that gap junction mediated coupling may be a 
modulator of hormone secretion in TM3 cells. 
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Expression level of Ubc9 protein in rat tissues. 
Golcbiowski F, Szulc A, Sakowicz M . Szutowicz A. Pawelczvk T 

PolS" 16111 ° f M0 ' eCular Medicine, Medical University of Gdansk, 80-2 1 1 Gdansk, 

Ubc9 is a i homologue of the E2 ubiquitin conjugating enzyme and participates in the 
cova ent hnbng of SUMO-1 molecule to the target protein. In this report we describe a 
simple and efficient method for obtaining pure human recombinant Ubc9 protein. The 
punfied Ubc9 retained its native structure and was fully active in an in vitro sumoylation 
assay with the promyelocyte leukaemia (PML) peptide as a substrate. In order to better 
understand the physiology of Ubc9 protein we examined its levels in several rat tissues 
lmmunoblot analyses performed on tissue extracts revealed quantitative and qualitative 
differences m the expression pattern of Ubc9. The Ubc9 protein was present at a high 
level in spleen and lung. Moderate level of Ubc9 was detected in kidney and liver Low 
amount of Ubc9 was observed in brain, whereas the 1 8 kDa band of Ubc9 was barely 
visible or absent m heart and skeletal muscle. In heart and muscle extracts the Ubc9 
antibodies recognized a 38 kDa protein band. This band was not visible in extracts of 
other rat tissues. A comparison of the relative levels of Ubc9 mRNA and protein 
inchoated that the overall expression level of Ubc9 was the highest in spleen and lung In 
spleen, lung, kidney, brain, liver and heart there was a good correlation between the 1 8 
kDa protein and Ubc9 mRNA levels. In skeletal muscle the Ubc9 mRNA level was 
unproportionally high comparing to the level of the 1 8 kDa protein. The presented data 
indicate that in the rat the expression of the Ubc9 protein appears to have some degree of 
tissue specificity. . 
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ABSTRACT 

Motivation: Protein abundance is related to mRNA 
expression through many different, cellular processes. 
Up lo now, there have been conflicting results on how 
correlated the levels of these two quantities are. Given that 
expression and abundance data are significantly more 
complex and noisy than the underlying genomic sequence 
information, it is reasonable lo simplify and average them 
in terms of broad proteorhic categories and features (e.g. 
functions or secondary structures), lor understanding their 
relationship. Furthermore, it will be essential to integrate, 
within a common framework, the results ol many varied 
experiments by different investigators. This will allow one 
to survey Ihe characteristics ol highly expressed genes 
and proteins. 

Results: To this end, we outline a formalism for merging 
and scaling many different gene expression and protein 
abundance .data sets into a comprehensive reference 
set, and we develop an approach lor analyzing this in 
terms ol broad categories, such as composition, function, 
structure and localization. As the various experiments are 
not always done using the same set ol genes, sampling 
bias becomes a central issue, and our formalism is 
designed lo explicitly show this and correct for it. We apply 
our formalism to Ihe currently available gene expression 
and protein abundance data lor yeast. Overall, we lound 
substantial agreement between gene expression and 
protein abundance, in terms ol the enrichment of structural 
and functional categories. This agreement, which was 
considerably greater than Ihe simple correlation between 
these quantities lor individual genes, reflects the way 
broad categories collect many individual measurements 
into simple, robusl averages. In parlicular, we lound 



*To whom coi »c.*poi>dmrc jhoiild be oddicsscd. 
''Thejr nulhrti:, ri'imibuicd cqiiDUv 10 ihis woti.. 



that in comparison to the population of genes in the 
yeast genome, Ihe cellular populations of transcripts and 
proteins (weighted by their respective abundances, the 
transcriptome and what we dub the Iranslatome) were both 
enriched in: (i) the small amino acids Val, Gly, and Ala; 
(ii) low molecular weight proteins; (iii) helices and sheets 
relative lo coils; (iv) cytoplasmic proteins relative to nuclear 
ones; and (v) proteins involved in 'prolein synthesis,' 'cell 
structure,' and 'energy production." 
Supplementary information: http://genecensus.org/ 
expression/translalome 
Contact: mark.gerslein@yale.edu 

INTRODUCTION ' 

High throughput experimentation, measuring mRNA 
(Schena el at., 1995; Eisen and Brown, J999; Ferea 
and Brown, 1999; Lipshuiz ei ai, 1999) and protein 
expression (Anderson and Seilhamer, 1997; Fulcher ei at., 
1999; Gygi el ai, J999a; Ross-Macdonald ei ai, 1999; 
Lopez, 2000; MacBealh and Schreiber, 2000; Nelson 
el ai, 2000; Zhu el ai, 2000) are currently ihe single 
richest source of genomic information. However, how lo 
besl interpret ihis dala is siill an open question (Bassell 
ei ai, J 996; Wittes and Friedman, 1999; Zhang, J 999; 
Gersiejn and Jansen, 2000: Searls, 2000; Sherlock, 2000; 
CJaveric, 1999; Einarson and Golemis, 2000; Epstein and 
Buiow, 2000; Shapiro and Harris, 2000). Understanding 
how protein abundance is related to mRNA transcript 
levels is essential for interpreting gene expression, proicin 
interactions, structures and functions in a cellular sys- 
tem (Hatzimanikaiis el ai, 1999). Moreover, as protein 
concentration is the more relevant variable with respect 
lo enzyme activity, it connects genomics to Ihe physical 
chemistry of ihe cefl (Kidd ei ni, 2001). Protein abun- 
dance may also be invaluable for diagnostics and for 
determining drug targets (Corthals ei ai. 2000). 
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Previously, we surveyed the population of protein 
features — such as folds, amino acid composition, and 
functions — in yeast, and other recently sequenced 
genomes (Gerstein, 1997, 1998a,b; Gerstein and Hegyi, 
1998; Hegyi and Gerstein, 1999; Das and Gerstein, 
2000; Lin and Gerstein, 2000), and we extended this 
concept . to compare the population of features in the 
yeasl transcriptome to that in the genome (Drawid el 
al, 2000; Jansen and Gerstein, 2000). Others have also 
done related work (Frishman and Mewes, 1997; Tatusov 
ei al, 1997; Jones, 1998; Wallin and von Heijne, 1998; 
Frishman and Mewes, 1999; Wolf et a/., 1999). Here, we 
present a new methodology to compare the features of the 
. mRNA expression population with the protein abundance 
population. 

Precise terminology is essential for this comparison. 
Unfortunately, 'proteome' is used inconsistently. Pro- 
teome can logically be used to describe all the distinct 
proteins in the genome (Qi et al, 1996; Cavalcoli et o/., 
1997; Fey el al, 1997; Carrels et al, 1997; Gaasterland, 
1999; Jones, 1999; SaJi, 1999; Tekaia et al, 1999; 
Bairoch, 2000; Cambillau and Claverie, 2000; Doolillle, 
2000; Pandey and Mann, 2000; Rubin et al, 2000) and, 
in this context, it is equivalent to what others may refer 
to as the coding part of the genome. However, in papers 
on two-dimensional (2D) electrophoresis, it is often used 
to describe the sum total of proteins in a cell, taking 
into account the different levels of pioiein abundance 
(Shevchenko et al, 1996; Gygi et al, 2000a; Lopez, 
2000; Washburn and Yates,2000). In an effort to be clear, 
we propose the. term 'translatome' for this second usage 
of proteome. 

With this definition, we ore able lo refer compactly to 
three different cellular populations. These are illustrated 
in Figure I. 

(i) We use the term genome when we refer to the 
population of open rending frames, where each ORF 
counts once. 

(ii) We use the term transcriptome when we refer lo 
the population of mRNA transcripts. This term was 
originally coined by Velculescu et nt. (J 997). Note 
that each ORF may give rise lo different numbers 
of transcripts. Consequently, the transcriptome is 
essentially the same as the genome but with each 
ORF weighted by its expression level, 
(iii) The nexi level is the cellular population of proteins. 
As each protein represents a translated' transcript, 
we make an analogy with the teim transcriptome 
and use the term tjnnslammc as described above 
to describe this third population. Thus, the trans- 
latome is a subset of the genome where each 
ORF is weighted by its associated level of protein 
abundance. 



Note that one could also, less compactly call the trans- 
latome a 'weighted proteome.' However, doing so assumes 
one of the two aforementioned definitions of proteome. To 
avoid ambiguity, we studiously avoid the use of proteome 
altogether in the paper. 

. Differences between the translatome and the transcrip- 
tome exist given that transcripts from different genes 
can give rise to different numbers of proteins, due lo 
different rates of translation and protein degradation. 
Post-transcriptiona! modifications further affect the 
translatome. 

Jn our analysis of the transcriptome and translatome, we 
focus on global protein features rather than the compari- 
son of individual genes. Previous analyses have shown that 
differences between mRNA expression and protein abun- 
dance levels can be quite dramatic for individual genes. 
. This may either be due to the noise in the data or to funda- 
mental biological processes. However, our analyses show 
that the variation between transcriptome and translatome 
is much smaller for global properties that are computed by 
averaging over the properties of many individual genes. 

METHODS 
Data sources used 

For our analysis we culled many divergent data sets, 
representing protein abundance and mRNA expression 
experiments and also other sources of genome annotation. 
These are all summarized in Table 1. 

Biases in the data 

The databases that annotate the specific genes may 
not always be accurate (Ishii et al, 2000). Gene Chip 
experiments suffer with regard lo cross hybridization 
and the saturation of probes. SAGE data degrades for 
lowly expressed mRNAs. 2D gels are unable to resolve 
membrane proteins (approximately 30% of the genome) 
and basic proteins (Gerstein, 1998c; Krdgh et al, 2001). 
In addition, the procedures for identification and quan- 
tification of the protein spols are subject to. uncertainties 
(Haynes and Yates, 2000). Human biases include the 
lack of low abundance proteins (Fey and Larsen, 200); 
Gygi et al, 2000b; Harry et al, 2000) and the differences 
between laboratories in sample preparation. Our reference 
expression data sel attempts to resolve ihese problems. 

Data set scaling 

A reference sel for mRNA expression. With many differ- 
ent mRNA expression data sets available: it is worthwhile 
to integrate them into a single unified reference set, with 
die intention of reducing the noise and errors contained in 
the individual data sets and to obtain a unified estimate of 
the normal expression slate in a cell. 
We adopi an iterative scaling and merging formalism. 
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Fig. 1. Schematic overview of Ihe analysis. On the left-side we outline the terms we use to describe the process of gene expression. The 
coding section of Ihe genome is transcribed into a population of mRNA transcripts called the 'Irahscriplome.' The transcripts in turn are 
translated to a population of proteins; we use the term translatome' for this protein population rather than the alternative 'proieome' because 
the latter term may be confounded with the protein complement of the genome (which is not necessarily associated with a quantitative 
abundance level). 

The matrix in the middle schematically shows an analysis of the three stages of expression. In general, we define a protein 'population' as 
a set of genes associated with a corresponding number of expression or abundance levels ('weights'): In Ihe matrix each row represents a 
weight and each column a gene set. In particular, we differentiate between Ihe mRNA reference expression set (G mRNA = Cg«,). which 
essentially covers the complete genome, and the reference protein abundance set (Cp,,*) which contains the proteins in data sets 2-DEfJT and 
2-DE #2 (see Table I) because the protein abundance set is a significantly smaller subset of the genome. By definition, this subset contains 
only proteins that can be identified by 2 D gel electrophoresis and is therefore biased in this sense. The enrichment figures throughout this 
paper, through a comparison of the right- and left-sides of this figure, show Ihe results of the experimental biases of 2D gels on the data set. 
Each pie chart represents a composition of a particular protein feature F (for instance, an amino acid composition) in a population (rcprcsenled 
by Ihe symbol jr). We can further look at the 'enrichment' of this feature in one population relative to another (represented by the symbol 
see Section 'Methods' for an explanation of ihe fonnalisrn). 



which we summarize below. We present a more detailed 
review of Ihe methods on our web site. 

We start with the values of one gene chip data set I/,- 
where i is used thronghoul as a subscript to denote gene 
number. We then transform the values of the next dene 
Chip data set X, to Y; wilh Ihe following non linear regres- 
sion: min Y.i Wi ~ Ui? wilh Y, = AX? where A and B 
are Ihe parameters of Ihe regression'. Note thai two Gene 
Chip sets may not be defined for ihe same sel of genes, 
so we have to perform the fit only over the genes com- 
mon to both sets. The motivation for scaling is that the 
dynamic range of observed expression levels varies some- 
what between different daia sets, although cell types and 
growth conditions are very similar. Reasons lor dispar- 
ity may include different calibration procedures for relat- 
ing fluorescence intensity 10 a cellular concentration (mea- 
sured in copies of transcripls per cell) or different pro- 
tocols for harvesting and reverse- transcribing Ihe cellular 
mRNA. 

We then merge and average Ihe data lo create a new . 



reference set V as follows: 

If Uj and Yj are both defined for °ene /' and — — < a 

Yi + Uj 

Then V; = ±(Y, ; + (/,) 

Else if only V; exists, V; = )•', 

Else V, = U;. 

As presented above, where only one data set has a value 
for Ihe corresponding ORF, we incorporated that value 
and did not exclude it. When both data sets have values 
for an ORF, we 3veraged the values if Ihey were within 
J5S5- of each other; otherwise, we just stayed with the 
original chip data set {.', . We used a — 15% in order to 
prevent outliers from skewing the result. This 15% value is 
a teasonabte threshold for excluding outliers though other 
values (e.g. 10 or 20%) would give similar results (data 
not shown). Oilier data sets are subsequently included in 
the same piocedure. continuing the iteration from the new 
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expression values Vj- The initial iteration starts with the 
Young Expression Set, as (/,-, since we have the highest 
confidence in its accuracy. 

The SAGE data (Velculescu et al, J 997) was not 
included in the above procedure since it is of a funda- 
mentally different nature. An advantage of the SAGE 
technology over Gene Chips is that there is no possible 
signal saturation for high expression levels, as is possible 
for chips (Futcher el al, 1999). Conversely, SAGE values 
are less reliable for lowly expressed genes since there 
is a chance that one might not sequence , a SAGE tag 
corresponding to such a gene altogether. Therefore, if 
after the last iteration, the average Gene Chip expression 
level V; was both above a certain threshold /) and below 
the SAGE expression level Si for the same gene, it was re- 
placed with the SAGE value; otherwise the average Gene 
Chip value was kept. This gave us our final expression 
set w m RNA- Our treatment of the SAGE data is modeled 
after that in Fulcher el al. (1999), and like them, we used 
0=16. 

This incorporation of the SAGE data into the reference 
data set ensures ihat the highly expressed outliers are as 
accurate as possible. 

Rather than plain arithmetic averaging, this overall scal- 
ing procedure with the of cutoff avoids 'artificial averages' 
that combine very different values for a particular gene. 
Some expression values might be statistical outliers. In 
addition, it may be possible that the expression levels of 
a variety of genes can only be within mutually exclusive 
ranges or modes, such as when two alternative pathways 
are switched on or off. Simply averaging these would give 
values thai are less representative of the particular mode 
values. This situation is analogous to lhat in averaging 
together an ensemble of protein structures (i.e from NMR 
structure determination). Each structure could be stereo- 
chemical^ correct, with all side-chain atoms in predefined 
rotamer confirmations. However, an average of all struc- 
tures could yield one that is stereochemical^ incorrect if 
this involved averaging over particular side-chains in dif- 
ferent roiameric slates. 

With regard to our regression analysis, we have investi- 
gated both non-linear and linear fits but found a non linear 
procedure to be more advantageous. The non-linear rela- 
tionship between different expression data sets perhaps 
reflects saiuraiion in one or more of the Gene Chips — not 
an uncommon phenomenon. This non-linearity is imme- 
diately, evident on scaitcr plots ol two data sets against 
one another (see website). Accordingly, the non-linear 
fn produces a smaller residua) than the linear fit: 98 297 
(nonlinear) versus 122 182 (linear) for the scaling of die 
Church data set and 59828 (non-linear) versus 67 '162 
(linear) for the Samson data set.. 



A reference set for protein abundance. We followed a 
similar procedure to calculate a reference protein abun- 
dance set from the two gel electrophoresis data sets. We 
first scaled the two data sets against the mRNA expres- 
sion reference data set, getting regression parameters Cj 
and Dji 

min X^.;' - C J u 'mR.NA,. ) 2 
i 

where the subscript j indicates the data set 2-DE #J or 
2-DE #2 respectively; Pi j is the protein abundance value 
in data set j, and UJ m RNA.>' the corresponding reference 
expression value, and Cy and Dj are the parameters of 
the non-linear regression. 

Using these parameters, we transformed the values of set 
2-DE #2 onto 2-DE #]. Then we combined both sets into 
the reference protein set wj>r 0 i by averaging them, if both 
values existed. Otherwise, by using the existing value, viz; 

e „.c(§) 

fPioi./-— {Pi.) + 2i.2)/2 if both P it and Q; 2 exist. 
Else if only V; j exists, iup,oi.; = /";,) 
Else if Qj 2 exists, wp,or.i = Qi.2- 

Enrichment of features 

Formalism. In the next part of our analysis, we want 
to group a number of proteins together into various 
categories based on common features and characterize 
those features that are enriched in one population relative 
to another, i.e. the translatome population of proteins 
as measured by 2D gels relative to the transcriptome 
population of transcripts or the genome population of 
genes. To this end, we set up a formalism that could 
be applied universally to all the attributes that we were 
interested in. Due to the limitations of the experiments, 
the translatome, transcriptome, and genome populations 
are defined on different sets of genes, and sometimes we 
want to remove this 'selection bias' by forcing them to be 
compared on exactly the same set of genes. This is a key 
aspect of our formalism as presented in Figure 1. 

We call an entity like |w, C] a 'population/ where G 
is a set describing a particular selection of genes from the 
genome and w is vector of weights associated with each 
element of this population. In particular, we focus on three 
main populations here: 

(i) |J, Go™) ' s '' ,e population of genes in the genome, 
all 6280 genes weighted once (w = J); 

(>>) IWmRjsvv, C„rna) is the observed population of the 
transcripts in.the transcriptome, i.e. the 62-1 9 genes 
in the reference expression set weighted by their 
reference expression value; 
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(Hi) [wproi, Gp IO i) is the observed cellular popujalion of 
the proteins in the Iranslatome, i.e. the 181 genes 
in the reference abundance set weighted by theii 
reference abundance value. 

(The set of genes in the genome G Ge „ is approximately 
equal lo the genes in set G mR N A , such that we can use 
both symbols interchangeably.) We can also use this nola- 
. lion lo describe specific experiments — e.g. [w )acZ , Gi ac z] 
describes the gene set and weights relating (o the transpo- 
son abundance set. 
Furthermore, we define Fj as the value of a feature F 
. in ORF j. For example, F could be the composition 
of leucine (a real number) or a binary value (0 or J) 
indicating whether an ORF contains a trans-membrane 
segment. Given these definitions, the weighted average of 
feature F in population (w, C] is: 

2-HC, u >j 

The weighted averages of two populations (w, G) and 
[v, S] can be compared by simply looking al their relative 
difference A: 

MF. [v, S), [w, GJ) = M(f.[v,^)-M(^.[w,Gj) 
MF.lv/, G)) 

where v and w are weights lor ihe sets of ORFs 5 and G 
respectively. We call A the •enrichment' of feature F 
because it indicates whether F is enriched (if A is 
positive) or depleted (if A is negative) in population [v, S) 
relative lo | w, GJ. 

Usually, ihe gene sei G is defined by ihe particular 
•experiment, lor which the weigh) w was measured. 
However, il is also possible lo combine (he gene set 
associated with one experiment wiih expression levels 
from onoiher sel. One may want lo do (his 10 compute 
Ihe enrichment only on ihe genes common to both 
populations, for which there are defined values for boih w 
and v, viz: A(/\ |u, 5 n G). S n G]). In practice, 
this is mosi lelevant for comparing Gy,„ and C, nRNA . 
Since Cp 101 is compleiely a snbsei of C mR .N A , we need 
not explicitly deal with intersections if we calculate all 
statistics directly over Gp, m . 

One can adjust the weight vectors to lake into account 
different types of averaging. For instance, when com- 
puting the amino acid composition (F = on) from the 
amino acid compositions of individual ORFs Fj = on- 
(V; e C). we weight by ORF length. In the case of - 
expression weights, we have: 

U'j = N j M-'mRNA./ VjcC 

where Nj is ameasuie of the length of ORF j (such as the 
number of amino acids). 



On the other hand, when computing the average molec- 
ular weight per amino acid, we need to normalize by the 
number of amino acids per ORF, which is equivalent to 
choosing (be following weights: 

U>mRNA,i . . . ' 

»> = -^ VjeC. 

Application of methodology Jo quantitative 
abundance sets 

Having defined our formalism, we applied il lo a diverse 
sel of protein features in yeast. 

Amino acid enrichment. As shown in Figure 2a, we used 
pur methodology lo measure the enrichment of individual 
amino acids in both the translatome and the transcriptome 
relative to the genome. We found that three amino acids— 
valine, glycine and alanine — were consistently enriched in 
both transcripiome and translatome populations. 

In Figure 2a we compare different gene Sets. In Fig- 
ure 2b we focus mainly on Ihe variation in enrichments 
when all the comparisons are restricted lo the set of 18] 
genes (Gj> rot n G mR N A = Gp m ) common to all data sets. 
Thus, the differences between the populations now only 
reflect Ihe effects of differential transcription of certain 
genes and differentia) translation of certain transcripts. 
We find here an enrichment specifically of cysteine in Ihe 
translatome in relation lo Ihe transcriptome. 

To measure Ihe statistical significance of the results on 
amino acid enrichment, we have performed a control anal- 
ysis on a randomized data sel (Figure 2d). We randomly 
permutated Ihe expression values of the ORFs 1000 limes 
and Ihen recomputed Ihe enrichments. This aJIowed us lo 
compute distributions for the amino acid enrichments and, 
from integrating these, one-sided ^-values indicating ihe 
• significance of the observed enrichments. 

Amino acid enrichmem in Transposon data sel. We 
also tried to extend our methodology, ineffectively, lo 
cope with the semi quantitative Transposon set. We used 
only those 450 ORFs lhai consistently yielded either no 
expression or high expression, as binary dala, on or off. We 
show the enrichments of amino acids computed from this 
fillered Transposon abundance set in Figure 2a. Overall, 
Ihe enrichments from Ihis set seemed to be oiienuated in 
comparison lo other data. 

Bwmass enrichment. A corollary to amino acid enrich- 
ments is ihe determination of the average biomass of the 
transcriptome and iranslatome populations (shown in Fig- 
ure 2c). We found thai the average molecular weight of 
a protein in bolh populations was, on average, lower than 
m Ihe genome population. These preliminary observations 
suggest a cell preference lo use less energetically expen- 
sive proteins for those that are highly transcribed or trans- 
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Fig. 2. Amino acid and biomass eririchmcnt. (a) Shows the amino acid enrichments belween different populations as indicated by the legend 
to the right of the plot (the legend is ordered in ihe same way as ihe schematic illustration in Figure 1). The bars indicate the enrichment of the 
transcriplome relative 10 the genome, whereas the circles indicate Ihe enrichment of Ihe translalome relative 10 Ihe genome. In addition, we 
also show ihe enrichment for prolein abundance from the Transposon abundance set. represented by the circles with Ihe line through Ihem. 
(b) Shows a different view of amino acid enrichment from thai contained in (a), now focusing on changes, and thus restricting the comparison 
to the genes common to all the data sets. The graph is ordered according to Ihe enrichment from transcriplome to translators (black squares). 
We focus here only on the changes for the abundance gene set (G Prt>1 ) to exclude ihe effects that arise from looking al different subsets. In this 
view the enrichments from genome to transcriplome (while squares) and from genome 10 translalome (white diamonds) look more similar 
than do the analogous sets in (a). To make comparison with (a) easier we again show the enrichment horn genome to the transcriplome foi 
the complete gene set (G Ccn . shown in bars), (c) Shows biomass enrichment. The left panel depicts Ihe average molecular weight per ORF 
(in units of kDa) and the right panel. Ihe average molecular weigh! per amino acid (in units of Dallons) in each of the three stages of gene 
expression. The numbers inside the circles indicate the average molecular weights. The values next to the arrows indicate the enrichments 
in biomass belween different populations. Both the circle diameters and ihe arrow widihs are functions of the corresponding values (the 
hollow airow indicates a positive value), ll is very clear lhal the average molecular weight per ORF is much lower in the translalome (by 20 
or 15%) and transcriplome (by 29%) than in the genome. This relative depletion of biomass mainly lakes place as a result of transcription; the 
effect of translation is less clear, depending on Ihe populations compared. On Ihe other hand, the depletion in the average molecular weight 
per amino acid (-3.3% from genome to translalome) is an order of magnitude smaller than in Ihe average weight per ORF. This shows 
lhal Ihe yeast cell favois the expiession of shorter ORFs over longer ones, and agrees with our earlier observation lhal there is a negative 
• correlation belween maximum ORF length and mRNA expiession (Jansen and Gcrslein. 2000); it seems that this effect mainly lakes place 
dunng transcription r-ilhcr than tianslalion. (d) This plot shows lhal Ihe amino acid enrichments are slalislically significant. We have assessed 
significance by randomly peimuling Ihe expression levels among ihe genes and then iccompuling ihe amino acid enrichments. This proceduie 
can be repealed and used 10 generate distributions of random enrichments lhal can Ihen be compared against Ihe observed enrichments. In 
Ihe plot the gray bars represent Ihe observed enrichmenls already shown in Figure 3a. On top of ihe gray bars we show standard boxplols 
or enrichment distributions based on 1000 landom perrnulalions. (The middle line represents Ihe distribution median. The upper and lowci 
sides of ihe box coincide with the upper and lower quaniles. Ouilieis are shown as dots and defined as data points lhal are outside the range 
of ihe whiske.s. the Icngih of which is 1.5 ihe interquartile distance.) Based on ihe landom distributions, we can compute one-sided p. values 
foi the observed enrichments. Amino acids for which ihe p- values arc less ihan 10~ 3 are shown in bold font. 



lalcd. However, we also found thai the average molecu- 
lar weight per nmino mid differed much less belween Ihe 
liansrriptome and the translalome on ihe one hand, and the 
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genome on Ihe oiher hand (though it was still slightly less). 
This finding indicates lhal lower molecular weights in the 
translalome and transcriplome relative to the genome are 
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predominantly due to greater expression of shorter pro- 
teins rather than the incorporation of smaller amino acids. 

Secondary, structure composition. We also used our 
methodology to study the enrichment of secondary- 
structural features. Secondary structural annotation was 
deiived from structure prediction applied uniformly to all 
the ORFs in the yeast genome as described in Table J. 
As shown .in Figure 3a, all three populations — genome, 
transcriptome, and translatome — had a fairly similar 
composition of secondary structures — sheets, helices, and 
coils. The differences between populations were marginal 
and based only on the small subset of genes. 

We also found that Transmembrane (TM) proteins 
were significantly depleted in the transcriptome (see 
website and caption). These results are consistent with 
our previous analyses (Jansen and Gcrstein, 2000). The 
protein abundance data does not have any membrane 
proteins. 

Subcellular lucaliiation. Fignie 3c shows the enrich- 
ment of pioteins associated with the various subcellular 
compartments. For clarity, we divided the cell into five 
distinct subcellular compartments, (see Table I). We 
found that, in comparison to the genome, both the tran- 
scriptome and translatome nie enriched in cytoplasmic 
proteins. This is true whether wc make our comparisons in 



relation to the relatively large reference mRNA expression 
set or the smaller reference protein abundance set. As 
Figure 3c shows, the 2D gel experiments are clearly 
biased towards proteins from the cytoplasm. However, in 
the biased subset Cp, M transcription and translation lead 
to an even higher fraction of cytoplasmic proteins in (he 
translatome. 

Functional cttiegories. Finally, we compared the enrich- 
ment of various functional categories in both the Irans- 
lalome and the transcriptome (see Figure 3b). This gives 
us a broad yet informative view of the cell as a whole. As 
described in Table I, we used the top-level of the MIPS 
scheme for the functional category definitions. We found 
broad differences between the various populations, with 
some of the functional categories showing strikingly high 
enrichments. 

DISCUSSION AND CONCLUSION 

We developed: (i) a methodology for integrating many dif- 
ferent types of gene expression andpioteiri abundance into 
a common framework and applied this to a preliminary 
analysis; (ii) a procedure for scaling and merging different 
mRNA and protein sets together; and (iii) an approach for 
computing the enrichment of various proleomic features in 
the population of transcripts and proteins. We showed that 
by analyzing broad categories instead of individual noisy 
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Fig. 3. Breakdown of the Iranscriptome and Iranslatome in tenns of broad categories relating to structure, localization, and function. Al) 
of the subfigures are analogous to the schematic illustration in Figure I. (a) Rcpiesenls the composition of secondajy structure in the 
different populations, (b) Represents the distribution of subcellular localizations associated with proteins in the various populations. We used 
standardized localizations developed earlier (Drawid and Ger'stein, 2000), which, in turn, were derived from the MIPS, YPD, and SwissPlol 
databases (Bairoch and Apweiler, 2000; Coslanzo el al., 2000; Mewes el al., 2000). The subcellular localization has been experimentally 
determined for less than half of the yeast proteins, so our analysis applies only to this subset, (c) Shows the division of ORFs into different 
functional categories (accoiding to the MIPS classification) in the various populations. Only the largest functional categories of the top level 
of the MIPS classification are shown. The group "other' contains the smaller top-level categories lumped together. This 'other' group is 
different from the group 'unclassified,' which contains genes without any functional description. 



data points, we could find logical trends in the underlying 
dala. For example, individual transcription factors might 
have higher ot lower protein abundance than one expects 
from their mRNA expression, but the category transcrip- 
tion fnctor.s : as a whole has n similar representation in the 
Iranscriptome and iranslatome. 

We found, as previously described (Futcher el al., 1999; 
Cygi ei al., 1999b; Crcenbatim ei al., 2001), a weak 
correlation between .individual measurements of mRNA 



and protein abundance. The outliers of this correlation 
lend lo be associated with cellular organization. One 
might conceive of using these outliers (i.e. those with 
significantly different transcriptional and translation:)) 
behavior) to find consensus regulatory sequences. One 
possible method would involve using predicted mRNA 
structures (Jaeger ei al., 1990; Zuker, 2000) to find and 
investigate consensus structural elements in these outliers 
to which the yeast translations! machinery is known to be 
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Table I. Data sets 



Description 



Size [ORFs) 



mRNA expression 
Young 

Church 

Samson 

SAGE 

Reference expression 

Protein abundance 
2-DEffl 

2-DEff2 
Transposon ■ 

Reference abundance 

Annotation 

Annotated localization 

TM segments. 

MIPS functions 

GOR secondary structure 



Gene chip profiles yeast cells with *"- 
mutations that affect transcription 
. Gene chip profiles of yeast cells 
under four different conditions 

Comparing gene chip profiles for 
yeast cells subjected to alkylating agent 

Yeast cells during vegetative growth 

Scaling and integrating the mRNA 
expression set into one data source 

Measurement of yeast protein 

abundance by 2D gel 

electrophoresis and mass spectrometry 

Similar to 2-DE set #1 

Large-scale fusions of yeast genes 
with locL by transposon insertion 
Scaling and integrating the 2-DE 
daia sets into one data soutce 

Subcellular localizations of yeast 
proteins 

Predicted TM and 
soluble proteins in yeasl 

Functional categories for yeasl 
ORFs 

Predicted secondary structure 
yeast ORFs . 



5455 

6263 

6090 

3778 
6249 

156 

71 
1410 



2133 
(6280) 

27)0 
(6280) 

3519 
(6194) 

6280 



Holslegc«e/.(199B) 
Roth etol (1998) 
Jelinsky and Samson { 1 999) 
VeiculcscbefflA (1997) 

Gygi etoL (I999a.b) 

Futcher eiol. (1999) 
Ross-Macdonald et ol. (1999) 



Drawid and Ger stein (2000) 
Gerstein(l998a,b,c) 
Mewes et al. (2000) 
Gersiein(l998a,b,c) 



This table provides an overview of the data sets used in our analysis. The table is divided into three sections. The top section lists different mRNA expression 
sets. The middle section shows the protein abundance data sets used. The bottom section contains different annotations of protein features. The column "Data 
set ' lists a shorthand refeicnce to each data set used throughout this paper. The ncM columns contain a brief description of the data sets, the number of ORFs 
contained in each of ihem, and the fjlerature reference. In contrast to the other data we investigated, the reference expression and abundance data sets have 
been calculated lor the purpose of oui analysis (see text). An expanded version of the table is available on our web site. 
Sotne further information on the genome annotations: 

Localization. Protein localization information from YPD, MIPS and SwissPiot were merged, filtered and standardized (Bairoch and Apweiler. 2000; 
Cosianzo et al. 2000; Mewcs et ol, 2000) into five simplified companmenls — cytoplasm, nucleus, membrane, extracellular (including proteins in ER and 
golgi). and mitochondrial — according to the protocol in Drawid *•/ al. (2000). This yielded a standardized annotation of protein subcellular localization for 
2 1 33 out of 6780 ORFs.' 

TM legmrnis. In 27 10 out of 6280 yeasl ORFs TM segments arc predicted to occut, ranging from low to high confidence (732 ORFs). Thc TM prediction was 
pei formed as follows: the values from the scale for amino acids in a window of size 20 (the typical size of a I'M helix) were averaged and then compared 
against a cutoff of - I fccal mol - '. A value under this cutoff was taken to indicate the existence of aTM helix. Initial hydrophobic so etches corresponding to 
signal sequences for membrane insertion were excluded. (These have the pattern of a charged residue within the first seven, followed by a soetch of 14 with 
an average hydrophobic ity under the cutoff.) These parameters have been used, tesied, and refined on surveys of membrane protein in genomes. 'Sine' 
mcinbiane proteins had at least two TM-srgmcnts with an average hydiophob icily less than -2 kcal mol" ' .(Rost rial., 1995; Ger stein et al.. 2000, Santoni 
rt al. 2000; Senes tt al.. 7000). * 

Fumiionj. MIPS functional categories hove been assigned io-3M9 our of 6194 ORFs. (The remainder are assigned to category '9S' or '99.' which 
corresponds to unclassified function.) 



sensitive (McCarthy, 1998). 

fit relation to functional categories, we found three 
trends thai were particularly notable: (i) the 'cellular 



organization,' 'protein synthesis/ and energy production' 
categories were increasingly enriched as we moved from 
genome to transcriplome io translatome. In the tianscrip- 
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tome and translatome population relative lo the genome; 

(ii) proteins with 'unclassified function' are significantly 
•depleted, perhaps reflecting a bias against studying them; 

(iii) proteins in the 'transcription* and 'cell growth, cell 
division, and DNA synthesis* categories were consistently 
depleted. This reflects the fact that many of these proteins, 
such as transcription factors, act as 'switches' such that 
only small quantities of the protein are necessary to 
activate or deactivate a process. These results concur with 
previous calculations (Jansen and Gerstein, 2000) wherein 
we found the transcriptome is enriched specifically with 
proteins involved in protein synthesis and energy. 

Limitations given the small size of the protein 
abundance data 

Even with the extended coverage made possible by 
merging many data sets together into reference sets, the 
analysis is still limited by the minimal data. This was 
most applicable lo the protein abundance measurements, 
potentially biasing our statistical results towards certain 
protein families. Moreover, the 181 proteins in Gp, 01 do 
not represent a random sample. They are skewed towards 
highly expressed, well-studied proteins. Our methodology 
attempts lo control for this gene-seleclion bias through 
our enrichment formalism, which allows one to rather 
precisely gauge various aspects of the bias. Conversely, 
many protein features in both the translatome and the 
transcriptome are dominated by highly expressed proteins. 
Under these circumstances, it is often sufficient to look at 
this smaller number of dominating proteins to characterize 
the whole population. This is similar to the development of 
the codon adaptation index for yeast (Sharp and Li, 1937). 
While based on only 24 highly expressed proteins, it has 
proven lo be robust in predicting expression levels for the 
entire genome. 

We believe that the essential formalism and approach 
that we develop will remain quite relevant for future data 
sets' (Smith, 2000). 
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Protein abimdancy and mRNA levels of the adipocytc-type fatty acid 
binding protein correlate in non-invasive and invasive bladder transitional 
cell carcinomas. 
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The adipocyte type fatty acid-binding protein (A-FABP) is a Sma [l molecular weight fatty 
acid-binding protein whose expression correlates both with the grade of atypia and the 
stage of bladder transitional cell carcinomas (TCCs). To determine if the protein 
abundancy correlates with the mRNA levels in non-invasive and invasive lesions we 
have analysed fresh TCCs (grade II, Ta; grade III, T2-4) by two-dimensional ' 
polyacrylamide gel electrophoresis (2D-PAGE) and measured the mRNA levels using the 
reverse transcription linked polymerase chain reaction (RT-PCR) Overall the results 
showed a good correlation between protein abundancy and mRNA levels, indicating that 
the lack of expression of the protein observed in some lesions reflects low levels of 
transcnpnon of the A-FABP gene rather than translational regulation. In addition our 
studies showed that the loss of A-FABP protein observed in some tumors is not ' 
compensated by an increase in the skin fatty acid-binding .protein P A-FABP as is the 
case in the A-FABP knockout mice. ' 



PMID: 9664136 [PubMed - indexed for MEDLINE] 




I 



Protein abnndancy and mRNA levels of the adipocyte-type 
fatty acid binding protein correlate in non-invasive 
arid invasive bladder transitional cell carcinomas 

lRlNA GROMOVA 1 . PAVEL GROMOV 1 , HANS WOLF 2 and JULIO E.CELIS 1 

'Department of Medical Biochemistry and Danish Centre for Human Genome Research, The University of Aarhus, 
DK-8000, Aarhus C; 2 Departmenl of Urology, Skejby Hospital, Aarhus, Denmark 

Received April 30, 1998; Accepted June 3, 1998" """ 



Abstract The adipocyte type fatty acid-binding protein (A- 
FABP) is a small molecular weight fatty acid-binding protein 
whose expression correlates both with the grade of atypia and 
the stage of bladder transitional cell carcinomas (TCCs). To 
determine if the protein abundancy correlates with the 
mRNA levels in non-invasive and invasive lesions, we have 
analysed fresh TCCs (grade II, Ta; grade III, T 2 .„) by two- 
dimensional polyacrylamide gel electrophoresis (2D-PAGE) 
and measured the mRNA levels using the reverse transcription 
linked polymerase chain reaction (RT-PCR). Overall, the 
results showed a good correlation between protein abundancy 
. and mRNA levels, indicating that the lack of expression of 
the protein observed in some, lesions reflects low levels of 
transcription of the A-FABP gene rather than translalional 
regulation. In addition, our studies showed that the loss of A- 
FABP protein observed in some tumors is not compensated 
by an increase in the skin fatly acid-binding protein PA- 
FABP. as is the case in the A-FABP. knockout mice. 

Introduction 

Bladder cancer accounts for 4.7% of all human cancers 
diagnosed. The spectrum of bladder tumors is broad with 
various histological types that include transitional cell 
carcinomas (TCCs), squamous cell carcinomas (SCCs), and 
adenocarcinomas (1-3). TCCs are by far the most prevalent 
tumors as they represent nearly 95% of all bladder cancers in 
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the Western Hemisphere. At first presentation, about 70% of 
the urinary bladder TCCs are diagnosed as differentiated 
superficial lesions that are confined either to the mucosa 
(Ta), or to the underlying connective tissue (T,). The rest 
correspond to highly invasive, poorly differentiated tumors. 

Non-invasive TCCs occur as two distinct growth patterns, 
papillary and non-papillary (flat) lesions (1,2); that display 
significant differences in their malignant" potential and that 
are believed to originate from different genetic alterations 
(4-6). Papillary carcinomas usually correspond to low-grade 
lesions which frequently recur multiple times. These tumors 
begin as areas of hyperplasia that later undergo a process of 
dedifferentiation (grades 1-1V). Invasive tumors may arise 
Trom these lesions, but often are derived from non-papillary 
carcinoma in situ that usually is of high grade at presentation 
and tend to invade and progress to muscle invasion and 
metastatic disease. 

To date, many attempts have been made to pinpoint genetic 
changes that underly progression of bladder cancer as well as 
to identify molecular markers that correlate with tumor 
progression. Cytogenetic studies and molecular genetic data 
have shown, that chromosomes 3p, 4p, 4q, 5q, 8p, 9p, 9q, 
lip, 13q, I4q, 17p and 18q are frequently altered in bladder 
urothelial tumors (4,5 and refs. therein), and as a whole they 
have supported the notion that bladder cancer is a mulustep 
process. Recently, Spruck el at (6) showed that chromosome 
9 alterations occur early during development, while p53 
mutations appear later in the process and confer invasive 
properties. The situation however is reverse in the case of 
Cis. as a large fraction of these lesions contain p53 mutations 
(5,6.8,9) Besides pointing towards two divergent pathways of 
bladder tumor progression, these studies implied that the order 
in which the genetic changes occur is important in determining 
the outcome of the lesion. 

Assessment of bladder cancer , is based on a thorough 
pathological examination of biopsy material which establishes 
the histological type of the tumor, its degree of differenuauon 
(grade), and depth of invasion of the bladder wall (staging) 
00- 12). In spile of strict criteria for the pathological assessment 
of these lesions, there exist a significant inter-pathologist 
variation, a fact that emphasises the need for objective 
markers lhat may aid Iheir classification. With this in mind, 
we are exploring the possibility of using proteome (13) 
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expression profiles of these lesions as fingerprints to define 
their grade of alypia and eventually their stage (3,14). So far. 
more than 400 lumors.bf various grades and stages have been 
analysed by two-dimensional polyacrylamide gel 
electrophoresis (2D PAGE), and preliminary experiments 
have shown that even though the overall protein expression 
profiles of tumors of the same grade and stage are very similar, 
there are important differences suggesting that morpho- 
logically •identical' TCCs may be further subdivided (I). Or 
the biomarkers of TCC progression identified so Tar, the 
adipocyte-iype fatty acid binding protein (A-FABP) is 
perhaps one of the most interesting as the levels of this 
polypeptide have been shown to correlate both with the grade 
of alypia as well as with the stage of the disease (3). Given 
the putative importance of A-FABP as a progression marker, 
and since Anderson and Seilheimer (15) recently showed that 
post-transcripuonal regulation of gene expression is a frequent 
phenomena in higher organisms, we have compared the levels 
of A-FABP mRNA and protein in non-invasive and invasive 
bladder TCCs expressing and lacking this protein. 

Materials and methods 

Tumors. Fresh bladder tumors were obtained immediately 
after transurethral resection.. The grade and clinical stage of 
the tumors' were determined by the pathologist at the Aarhus 
Municipal hospital. Clean tumors devoid of blood clots were 
divided into small pieces for 2D PAGE and DNA, and RNA 
preparation. The latter were immediately frozen in liquid 
nitrogen and.slore at -80'C until use. 

l"SJ-methionine labeling and 2D-PAGE. In a few cases, 
small tumor pieces were labeled with ["S]-methionine as 
previously described (3). 2D-PAGE was performed 
according to published procedures (16; see also hllp; 
//biobase.dk/cgi-bin/celis). 

RT-PCR. Frozen tumor samples were ground to powder in 
liquid nitrogen and total RNA was isolated using the acid 
guanidium isothiocyanate/phenol chloroform extraction 
procedure (17). The samples were treated with RNase-free 
DNases I (Pharmacia) to eliminate contaminating genomic 
DNA using the protocols recommended by the supplier. 
Poly(A)' RNA was prepared using Poly (A)' Quick columns 
according to the manufacturers instructions (Slratagene). The 
synthesis of cDNA for RT-PCR reactions were carried out 
using the Gibco BRL Superscript Kit. Twopg of total RNAs 
was mixed with oligo -dTIl primer. PCR buffer. MgCI, 
(25 mM). 0.1 M DDT and 10 mM dNTP. The mixture was 
incubated at 42"C for 5 min followed by the addition of 
Superscript ]] reverse transciiptase and further incubation at 
42'C for 50 min. The reaction was terminated by raising the 
temperature to 10'C fot 15 min. followed by additional 
incubation at 37'C for 20 min in the presence of RNase H to 
deplete the RNA. Primers for known and cloned genes were 
purchase from Pharmacia as follows: A-FABP, Upper (from 
186-208 bp) 5'-GaTCATCAGTGTGAATGGGGAT-37 
lower (from 374-397 bp) 5'- CATCCTCTCGTTTTCTCTTT 
ATG-3 - ; B-actin upper 5 -GACGTTGGCTCTGACTGTaCC 
AC-3/lower 5-CTCATTCAGCTCTCGGAACATCTCG-3'. 



Tabic I. Expression of A-FABP in non-invasive and invasive 
bladder TCCs: 
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The levels of a A-'FABP protein were determined based on the 
visual analysis of Coomassie Brilliant Blue stained gels and 
represent the average estimate of at least two different runs. Tumors 
scored as positive differed significantly with respect to the levels of 
the protein, and therefore are indicated wiih either four (very high), 
three"(high), two (medium) and one (low) cross (see also Fig. 1); 
"The mRNA levels were determined based on the intensity of 
Ethidium Bromide stained cDNA bands separated on agarose gel 
using the Bio-Rad Gel Doc 1000 System and represent the average 
estimate of at least three independent experiments. Corresponding 
mRNA levels are represented by crosses as described above. 



PCR reactions were performed in a Progene thermal cycler 
using the Advantage Klen Tag Polimerase (Clontech). The 
cycling parameters consisted of 30 sec of denaturalion at 
94'C, wiih annealing of 30 sec at 60"C for B-actin or at 
64'C for A-FABP. The extension lime was for 2 min at 68*C 
for 29-40 cycles with the final extension or 7 min at 68"C. The 
PCR products were separated on 1.5% agarose gel 
electrophoresis followed by elhidium bromide staining and 
photography under UV light. 

Results 

A-FABP protein levels in non-invasive and invasive TCCs. 
One hundred suspected TCCs removed at the Department of 
Urology, Skejby Hospital, were analysed by high resolution 
2D PAGE and Coomassie Brilliant Blue staining. Of these, 
10 grade II. Ta TCCs (Table 1) were chosen to correlate A- 
FABP protein and mRNA levels as these lesions yielded 
acceptable protein profiles both in terms of their purity as 
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Figure I IEF 2D gels or whole cellular extracts from non-invasive and 
invasive TCCs. A. TCC 532-1; B, TCC-692-l; C.TCC 763- I . D. TCC 709-1 
and E. TCC 711-1. Only the relevant area of the gels are shown. 
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assessed by monitoring for ihe absence of vimentin 
(conlaminalion with connective tissue) and desmin 
(conlaminalion with smooth muscle cells), as well as 
polypeptide resolulion. In addition, reasonable amounts of 
these tumors were available for mRNA preparation. 

Table I shows the levels of A-FABP proiein expression in 
the 10 tumors analysed by 2D PAGE.. The data were scored 
entirely based on the visual analysis of Coomassie Brilliant 
Blue stained gels and represent an average estimate of at 
least two different runs. Tumors scored as positive differed 
significantly with respect to the levels of this protei^ and 
therefore are indicated with either four (very high), three 
(high), two (medium) and one cross (low). Representative 
examples of Coomassie stained 2D gels of tumors exhibiting 
very high (TCC 532-1, Fig. 1A). high (TCC 692-1; Fig. IB), 
medium (TCC 763- 1, Fig. 1C) and undetectable levels (TCC 
709-1 and TCC 71 1-1 Fig. ID E) of A-FABP are shown in 
Fig. ) (only the relevant area of the gels are shown). 

A-FABP mRNA levels in non-invasive grade II, Ta TCCs. 
Since in many instances only a limited amount of fresh lumor 
was available, we used RT-PCR to determine the levels of A- 
FABP mRNA in the ten TCCs analysed by 2D PAGE (Fig. I). 
Following amplification, the PCR products were analysed by 
conventional 1.5% agatose gel electrophoresis and visualised 
by ethidium bromide staining as shown in Fig. 2. The amount 



Figure 2. RT-PCR analysis or A-FABP mRNA expression in non-invasive 
(GrII. Ta) and invasive TCCs <Gr III. T r TJ. For RT-PCR analysis, the ss c- 
DNA was synthesized by Reverse Transcriptase using iotal RNA. and used 
for RT-PCR amplification. The PCR products were resolved on 1.5% 
agarose gels and visualised under UV light following eihidium bromide 
staining. The A-FABP panels show the results of amplifications where the 
pair of gene specific primers was used to generate the 220 bp DNA 
fragment. Amplification of A-FABP was obtained after 30 cycles or PCR. 
The B-actin panels represent the amplification of the B-acrin gene, which 
was used as an internal control to confirm that equal amounts of c-DNA were 
used in each reaction. • 



of cDNA in each lane was normalised using several house- 
keeping genes so as to achieve a more accurate assessment of 
the expression of the A-FABP mRNA. As shown in Fig. 2, 
TCC 532- 1 exhibited the highest amount of A-FABP mRNA, 
followed by TCCs 692-1, 763-1, 616-1, 581-1, 154-1. 166-5 
and 533-1. Undetectable levels of A-FABP mRNA were 
observed in ihe case of TCCs 607-1 and 709- 1 (Fig- 2). 
Relative mRNA levels for the ten TCCs are given in Table 1. 

A-FABP protein and mRNA levels in invasive grade III. T„ 
TCCs. Of the invasive TCCs (grade HI, T 3 . 4 ) analysed by 2D 
PAGE only six yielded reasonable protein profiles for further 
study. As shown in Table 1. none of ihese lesions expressed 
delectable levels of A-FABP as determined by Coomassie 
Brilliant Blue stain.ng (Fig. IE, TCC 711-1). In line with these 
results. Ihe RT-PCR analysis of Ihese tumors also revealed 
undetectable level of A-FABP mRNA (Fig. 2. Gr ID T 2 -T 4 ; 
Table 1). 

Loss of A-FABP protein is not compensated by an increase in 
PA-FABP. Recent studies of A-FABP knockout mice have 
shown that the loss of A-FABP in fat tissue is com «*" sal ™ 
by an increase in the skin fatty acid-binding protein mall (IS). 
Our studies, however, indicated that the human homologue 
of mall, PA-FABP (19). did not compensate for the loss ot 
A-FABP either in ihe non-invasive or the invasive tumors 
analysed in tins study (Fig. ID and E). In addition. Fig. 3 
shows 2D gels of |«Sj-methionine labeled proteins from two 
orade 11. Ta TCCs (192-4, TV. Fig. 3A and 192-4, T.; F,g. 3B). 
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Figure 3 Levels of A-FABP and PA-FABP protein in grade II; Ta tumors 
rescued from ihe same policnl. The Two upper panels show the 2D gel 
autoradiograms of pSJ-mcthionme labeled proteins from TCCs (grade II 
To) resected from the same patient. A. TCC 192-9 tumor 4 and B - TCC 
192-9 tumor I. Only the relevant area of the auloradiograms arc shown The 
low panel shows the RT-PCR analysis of A-FABP mRNA expression in Ihe 
same tumors (sec also legend to Fig. 2). . 



which differ significantly in their levels of A-FABP protein 
and mRNA (Fig. 3, low panel). As shown in Fig. 3. the 
decrease in A-FABP observed in TCC 129-4, T, is not 
accompanied by an increase in the PA-FABP protein (Fig. IE). 

Discussion 

Of the TCC progression markers identified to date, A-FABP 
is perhaps one or the most interesting as its presence'correlales 
both with the grade of alypia (p=0.0006) and the stage of the 
d,seasc (p=0.0269) (3). A-FABP is a low molecular weight 
protein belonging to a cylosolic mulligene family of lipld- 
bmd.ng proteins that include heart, liver, intestinal, muscle 
brain, sk.n and epithelial isoforms (20). Members of. the 
FABP family are highly expressed in differentiated cells and 
show narrow tissue distribution. Their precise function is at 
present unknown, although there is evidence suggesting that 
they may play roles in intracellular lipid transport and 
metabolism, signal transduction (21,22) as well as "rowth 
con.tol and differentiation (23). The tole in signal transduction 
has been inferred from the fact .hat long-chain fatty acids and 
their metabolites can act as ptimary and second messengers 
in specific signalling pathways (24). Recently, it has been 
shown that A-FABP may play a central role in the pathway 
that links obesity with insulin resistance, most likely by 
connecting the fatly acid metabolism with the expression of 
TNF-o (18). Furthermore, there is evidence indicating that 
the A-FABP o enc contains sequence information necessaiy 
tor differentiation-dependent expression in adipocytes (25) 
Our own data derived fiom the study of TCCs and normal 
.nothel.um suggest that A-FABP may be required for normal 
uroihehum dilteientiaiion (I), as may be Ihe case lor P-V 
FABP in the skin ( 19). 



Considering the potential prognostic .value of A FABP 
protein and/or mRNA in TCC progression it was important io 
determine if the levels of both type ofmacromolecules 
correlated both in the non-invasive and the invasive lesions 
expressing and lacking A-FABP. The need for such correlation 
was underlined by recent studies of Anderson and Seilhamer 
(15), who reported a lack of overall correlation between the 
mRNA and protein levels of. 45 rat proteins analysed by 2D 
PAGE in combination with cDNA arrays. Their data yielded a 
correlation coefficient of 0.45 which is hair way between weak 
and perfect correlation. Clearly, our data showed a very good 
correlation between Ihe protein and mRNA levels of A-FABP 
in all tumors analysed indieating that the loss of A-FABP 
protein observed in, some tumors is not due to post- 
transcriptional regulation. 

Recently, knockout mice carrying a nuli mutation in the 
aP2 gene encoding for A-FABP was produced (18). These 
animals do not show an obvious morphological or metabolic 
phenotype. but exhibit a 20-fold increase in the levels of the 
keralinocyte type FABP (mail), which may compensate for 
the loss of the deleted gene (18). The human homologue of 
the mall gene, PA-FABP. was cloned in our laboratory and 
has been shown to be highly upregulated in psoriatic skin as 
well as in abnormally differentiated primary keratinocytes 
(19). PA-FABP is expressed in normal urolhclium together 
wtth A-FABP (3), and ongoing studies in the laboratory have 
shown that )ts level decreases significantly as tumors progress 
Interestingly, the studies reported in this article did not revealed 
a compensatory up- or down-regulation of PA-FABP in the 
TCCs analysed, supporting the contention that PA-FABP may 
also play a role in cell growth and differentiation (19). . 
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Regulation of cytochrome P4501A1 in teleosts: sustained induction of 
CYP1A1 mRNA, protein, and catalytic activity by 2,3,7,8- 
tetrachlofodibenzofuran in the marine fish Stenotomus chrysops. 

Halin ME , Stegeman JJ . 

Biology Department, Woods Hole Oceanographic Institution, Massachusetts 02543. 

Cytochrome P4501 Al (CYP1 Al) is known to play important roles in the activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Although extensively studied in mammalian systems, the regulation of CYP1 A forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of CYP 1 Al rnRNA, protein, and catalytic activity by 
2,3,7,8-terrachJorodibenzpfuran (TCDF) in the marine fish Stenotomus chrysops (scup). 
The time course of CYP1A1 induction was determined following a single ip dose (10 
nmol/kg) of 2,3,7,8-TCDF. Hepatic ethoxyreso rutin O-deethylase activity was increased 
after I day, reached a maximum by 8 days, and was still elevated 14 days after treatment. 
The content of immunodetectable CYP I Al protein in liver was elevated on Day 1 and 
continued to increase through 14 days. CYP 1 A I protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYP 1 Al mRNA was strongly induced by I day after. dosing and remained 
elevated through 14 days. The sustained induction of CYP1A1 mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in. fish treated with no'nhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-response 
studies indicated that induction of CYP1A1 mRNA, protein/and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0.4 nmol/kg (120 ng/kg), within the 
range of whole-body contents of this congener measured in fish from contaminated . 
environments. The estimated dose producing half-maximal CYPl Al induction in scup . 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats: In contrast to previous results obtained with 
3,3 , ,4,4'-tetrachlorobiphenyl (TCB) and beta-naphthoflavone, which appear to inhibitor 
inactivate CYP1 Al in fish and other vertebrates, there was a good correlation among 
levels of CYP1 Al mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF. The difference in response to 2,3,7,8-TCDF versus. 
S^'^'-TCB may reflect differences in the inducing potencies of the two compounds 
relative to their similar potencies as inhibitors of CYP1A1 catalytic activity. In additional 
studies to evaluate structure-activity relationships for CYPl Al induction by chlorinated 
dibenzofurans m fish, scup were treated with 2,3,6,8-tetrachlOrodibenzofuran (2 3 6 8- - 
TCDF). At 10 or 50 nmol/kg, 2,3,6,8-TCDF was inactive as an inducer of CYPl Al' 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 
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Expression of the pS2 gene in breast tissues assessed by pS2-mRNA 
analysis and pS2-protein radioimmunoassay. 

Hahnel E. Robbins P, Harvey Jj Sterrett G, Hahnel R . 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical 
Centre, Nedlands. 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein 
using a radioimmunoassay, and by determining pS2-mRNA using Northern blotting. 
There was a good correlation between the two measurements, indicating that expression 
of the pS2 gene in breast tissues may be assessed by either method. Since 
radioimmunoassay is technically easier and more efficient than Northern blotting, 
radioimmunoassay will be the method of choice in routine applications. 
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Brief communication 

Expression of the pS2 gene in breast tissues assessed.by pS2-mRNA analysis 
and pS2-protein radioimmunoassay 

Erika Hahnef, Peter Robbins, Jennet Harvey, Gregory Sterrett and Roland Hahnel . • 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical Centre, Nedlands, 
6009, Western Australia 

Key words: breast tissue, pS2-mRNA, pS2 protein, radioimmunoassay 
Summary - 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein using a radioimmu- 
noassay, and by determining pS2-mRNA using Northern blotting. There was a good correlation between the 
two measurements, indicating that expression of the pS2 gene in breast tissues may be assessed by either 
method. Since radioimmunoassay is technically easier and more efficient than Northern blotting, radioim- 
munoassay will be the method of choice in routine applications. 



Materials and methods 
Breast tissues 



Introduction 

Expression of the pS2 gene is controlled by estro- 
gen. This was first described in the MCF-7 breast 
cancer cell line (1). pS2 expression has since been 
reported to be useful as a prognostic indicator [2, 
3], although this was not confirmed in another se- 
ries [4]. 

pS2 expression may be assessed in tissue ho- 
mogenates by analysis of pS2-mRNA [5], by ra- 
dioimmunoassay of the pS2-protein [2], or .by im- 
munocytochemical detection of the pS2 protein in 
tissue sections [5]. It was the aim of this study to 
establish the correlation between pS2-mRNA and 
pS2-protein by radioimmunoassay in a series of 
[issues obtained from mastectomy specimens per- 
formed for carcinoma of the breast. Primary breast 
carcinoma tissue, metastatic carcinoma within ax- 
illary nodes., and raacroscopjcajjy beni°n breast 
tissue were examined. 



Tissue specimens from mastectomies performed 
for carcinoma of the breast Were examined. 32 pri- 
mary breast carcinomas, 10 axillary lymph nodes 
containing metastatic breast carcinoma, and 20 
samples of uninvolved breast tissue were analyzed 
for pS2 expression. 

The primary breast carcinomas were histolog- 
ically classified using a conventional subclassifi- 
cation. The presence or absence of primary tumour 
was assessed. The presence of metastatic carcino- 
ma within lymph nodes studied was verified by 
histological examination of the node remnant after 
sampling. . 

'Uninvolved' breast tissue was sampled from 
sites well removed from the primary breast tumour 
(usually in another quadrant of the breast), and was 
selected only if the tissue appeared macroscopical- 
ly unremarkable'. Tissue sampling occurred inime- 
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■ diately upon arrival of the mastectomy specimen in 
the laboratory^ with minimal delays between re-. 
. moval and sampling. 

Tissues for pS2 analysis were snap frozen in liq- 
uid nitrogen and stored at -70°C until processed. 

Extraction of RNA and determination of 
pS2-mRNA 

Details of the procedure have been described in pur 
previous paper [6J. Briefly, the deep-frozen tissue 
was homogenized in a rrocro-dismembrator. The 
homogeneous powder, was extracted with guani- 
diniunusothiocyanatephenolchlorofonniso- 
aimylalcohol, and RNA was precipitated with iso- 
propainol. The washed RNA pellet was dissolved in 
SDS and glyoxylated, and the RNA preparation 
loaded onto agarose gel. After electrophoresis the 
gel was capillary blotted, onto Zeta-probe mem- 
branes. Membranes were hybridized overnight 
with cDNA.probes pS2 and 36B4, which were 1a- 
IfceJed with [a*V) dCTP by nick translations, 
pVashed membranes were exposed to Kodak X- 
omat AR film. Relative intensities of the mRNA 
bands were assessed visually as not detectable, ve- 
ry weak, weak, medium, strong, and very strong, 
taking the intensities oftheubiguitous36B4 bands 
into account. 



Radioimmunoassay ofpSl-protein 

Deep frozen specimens were pulverized with a mi-- 
crodismembrator. The tissue powder was suspend- 
ed in 10 volumes of pH7.5 phosphate buffer. The 
homogenaie was centrifugedin a refrigerated cen- 
: trifuge at 4°C for 60 minutes at 2600xg. The su- 
pernatant was removed with a Pasteur pipette, 
carefully avoiding the fat layer on the top. The pro-' 
tein concentration in the supernatant was estimated 
by use of the Coomassie dye-binding method [7J. 
An aliquot of the supernatant was diluted to a pro- 
tein concentration between 1 and 2mg/ml before 
assay of the pS2-protein. ]n one case the protein 
concentration of the supernatant was well below 
1 me/ml. . 




The estimation of the pS2-protein was perform- 
ed using a solid phase, two-site radioimmunoas- 
say. The kits were bought from CIS Biointema- 
tional, Gif-sur-Yvette, France (ELSA-PS2). In this 
method the molecules of pS2 are sandwiched be- 
tween two monoclonal antibodies; the first one is 
coated on the EJLSA solid phase, the second one is 
radiolabeled with J25-iodine. The radioactivity 
bound to the ELSA is proportional to the concen- 
tration of pS2-protein. Details of the procedure are 
supplied with the kit [8]. 

Results and discussion 

32 primary , breast carcinomas, metastatic breast 
carcinoma in 10 lymph nodes, and 20 samples of 
benign breast tissue from mastectomies were in- 
vestigated. Two of the carcinomas were of the infil- 
trating lobular type, two were ductal carcinomas in 
situ, one was a multicentric invasive ductal carci- 
noma, all others were invasive ductal carcinomas. . 

Examples of pS2 Northern blots have been 
shown in our previous paper [6] which demon- 
strate that undegraded pSimRNA can be isolated 
by the method used. 

The results of the pS2-protein and pS2-mRNA 
assays are shown on Fig. ]. There was a good corre- 
lation betweenJbe two types of results. When pS2- 
mRNA could not be detected by Northern blot, 
pS2-protein results were usually below ] ng/mg 
protein (22 of 30) t or between 1 and 3.7ng/mg(6of 
30). Two were exceptions (7.7 and 14.6): one of 
them could have been due to the very low protein 
content in the cy tosol which would lead to a large 
pS2 value and an associated error. There was no 
explanaUon for the other high result. Very weak 
pS2-mRNA signals on Northern blots correspond- 
ed to pS2-protein values between 1.1 and 19.2 with 
• an average of 6.6ng/mg protein (median 5.7): The 
mean arid median pS2-protem concentration in the 
tissue with weak pS2-mRNA signals were 14.3 and 
10.7 ng/mg protein, respectively. The averagepS2- 
proiein concentration increased to 32.7 (median 
31.5) ng/mg protein for tissues assessed as medium 
pS2-mRNA intensity, and to 43.3 (median 53.8) 
ng/mg protein for tissues with strong or very strong 
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. pS2-mRNA signals. These values should be used 
as an approximate guide only, since the number of. 
samples in the various groups was fairly small. 
One-way analysis of variance confirmed that the 
means, of the pS2-protein values in the groups 
made up according to their pS2-mRNA signal in- 
tensity, were significandy different (p <10"*). 

If the pS2 gene is expressed, its expression is on 
average greater in breast carcinomas than in unin- 
volved breast tissue. If one takes pS2-protein valr- 
ues above 4ng/mg protein as cut-off, the average 
pS2-protein in J4 breast cancers was 34.3 (median 
: (35.2), while it was only 18.1 {median 13.8) in 12 
Uninvolved breast tissue samples.. If the cut-off is 
taken at lOng/mg protein, average pS2-protein in 
breast carcinoma is also about twice the level of 
uninvolved tissue. There were not enough lymph 
node metastases which expressed the pS2 gene to 
allow a comparison with carcinoma or uninvolved 
breast tissue. , 

Recent preliminary results of pS2 by radioim- 
munoassay [9] are similar to ours for breast cancer 
but considerably lower than our results for normal 
breast tissue. 

The values of the p52-protein measured obyj- ' 
ously depend on the protein used for calibration. 
We used the pS2-protein standards supplied with 
the CIS kit, which according to the supplier gave 
values from 0 to 740ng/mg protein in a series of 
205 breast cancer cytosols. Previously, a different 
standard had been used for presumably the same 
series of breast carcinomas [2], and a conversion 
factor to current standards is given as 2.8 [8]. 

It was noticed that the correlation between pS2- 
protein and pS2-mRNA was better in breast carci- 
noma specimens than in uninvolved breast tissue. 
This is unexplained, though it could be due to the - 
variable content of cell or tissue types in adjoining 
pans of a specimen, a variation more likely to oc- 
cur in our sampling of non-malignant breast tissue 
compared to sampling of carcinomas. A similar 
variability in breast carcinoma specimens will 
probably have a smaller influence on the pS2 re- 
sults, since die malignant cells - if they do express 
the pS2 gene- contain more pS2- protein than nor- 
mal breast. 



CORRELATION OF pSa - mRNA 
AND pS2- PROTEIN 

70 

c 60 . .. 

o 

'a. 

CD 

-g 50 

CD 



•z 




. + ++ 



pS2-mRNA 

Fig. f. Correlation between pS2-proie>n by radioimmunoassay and 
pS2-rr>RNA by Northern blot. <•) = 22 results beJow 1. The horizontal 
lines indicate the mean values. 
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BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
severity and is corticosteroid refractory. Although the EGFR is involved in epithelial 
. growth and differentiation, it is unknown whether it also contributes to the inflammatory 
response in asthma. OBJECTIVES: Because severe asthma is characterized by 
neutrophilic inflammation, we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory protein-1 alpha (MIP-1 alpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS: H292 or primary 
bronchial epithelial cells were exposed to EGF or H202 to achieve ligand-dependent and 
ligand-independent EGFR activation; IL-8 mRNA was measured by real-time PCR and 
IL-8 and MIP : lalpha protein measured by enzyme-linked immunosorbent assay 
(ELISA). Epithelial IL-8 and EGFR expression in bronchial biopsies from asthmatic 
subjects was examined by immunohistochemistry and quantified by image analysis. 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inhibitor, AG 1 478, but only partially by dexamethasone. MIP-1 alpha release was not 
stimulated by EGF, whereas H202 caused a 1 :8-fold increase and this was insensitive to 
AG1478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial brushings. In bronchial 
biopsies, epithelial IL-8, MDP- 1 alpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
correlation between EGFR and IL-8 expression (r = 0.70, P. < 0,001). CONCLUSIONS: 
These results suggest that in severe asthma, epithelial damage has the potential to 
contribute to neutrophilic inflammation through enhanced production of IL-8 via EGFR- 
dependent mechanisms. 
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Abstract 

Lung cancer is the most common cause of cancer death 
in developed countries. The prognosis is poor, with Jess than 
15% of patients surviving 5 years after diagnosis. The poor 
prognosis is attributable to lack of efficient diagnostic meth- 
ods for early detection and lack of successful treatment for 
metastatic disease. Most patients (>75%) present with stage 
HI or IV disease and are rarely curable with current ther- 
apies. Within the last decade, rapid advances in molecular 
biology, pathology, bronchology, and radiology have pro- 
vided a rational basis for improving outcome. These ad- 
vancements have led lo a better documentation of morpho- 
logical changes in the bronchial epithelium before development 
of clinical evident invasive carcinomas. This has changed our 
concept of lung carcinogenesis and emphasized the mullislep 
carcinogenesis approach on several levels. Combined with 
the technical developments in bronchoscopic techniques, 
e.g., laser-induced fluorescence endoscope (1JFE) bronchos- 
copy, we now have improved methods to localize preinvasive 
and early-invasive bronchial lesions. With the LIFE bron- 
choscope, a new morphological entity {angiogenic squamous 
dysplasia) has been recognized, which might be an impor- 
tant biomarker and target for anliangiogenic rheniopreven- 
live agents. To reduce the mortality of lung cancer, these 
new technologies have been taken into the clinic in different 
scientific settings. The use of low-dose spiral computed to- 
mography in the screening ot a high-risk population has 
demonstrated the possibility of diagnosing small peripheral 
tumors that are not seen on conventional ,X-rav. A shift in 
the therapeutic paradigm from targeting advanced clinically 
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manifest lung cancer toward asymptomatic preinvasive and 
early-invasive cancer is occurring. The present article re- 
views the recent advances »n the diagnosis of preinvasive and 
early-invasive cancer to identify biomarkers for early detec- 
tion of lung cancer and for chemoprevenlion studies. 

Introduction 

Lung cancer is the most common cause of cancer deaths in 
the countries of North America and other developed countries, 
accounting for 29% of all cancer deaths and more deaths than 
from prostate, breast, and colorectal cancer combined in the 
United States (1). Lung cancer, will be diagnosed in —170,000 
new patients in the United States in the year 2000, and <15% of 
them will survive 5 years afler diagnosis (1). The prognosis for 
the patients with lung cancer is strongly correlated to the stage 
of the disease at the lime of diagnosis. Whereas patients with 
clinical stage 1A disease have a 5-year survival of aboul 60%, 
ihe clinical stage 1I-IV disease 5-year survival rale ranges from 
40% to less than 5% (2). Over rwo-thirds of the patients have 
' regional lymph-node involvement or distant disease at the lime 
of presentation (3). The poor prognosis is largely attributable to 
the lack of effective early detection methods and the inability to 
cure metastatic disease. The unsatisfactory cure rates supports 
efforls aimed at early identification and intervention in lung 
cancer. 

Historically, the only diagnostic tests available for the 
detection of lung cancer in its early stages were chest radiogra- 
phy and sputum cytology. The efficacy of these tests as mass 
screening tools was evaluated in controlled trials sponsored by 
the NCI 3 and conducted at Johns Hopkins University, Memorial 
Sloan-Kettcring Cancer Center, and the Mayo Clinic during the 
1970s (4-6). The principal goal of these studies was to deter- 
mine whether a reduction in lung cancer mortality cou)d be 
achieved by adding sputum cytology testing to annual screening 
by chest radiography. Results from these trials showed that both 
tests could detect piesymptomatic, early- stage carcinoma, par- 
ticularly of squamous eel) type. Reseclabiliry and survival rates 
were found to be generally higher in the study groups than in the 
control gioups. However, improvements in rcscctability and 
survival did not lead to a reduction in overall lung cancer 
mortality, the must critical end point. A subsequent study of 
6346 C?.cchosIovakian male smokers also found no reduction in 
htnu cancer mortality after dual screening bv chest radiography. 



7 he abbreviations used are: NCI, National Cancer Institute: CIS. 
carcinoma in •in,: CI. computed loniocraphv; ASIX androgenic s.qu:i- 
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luni- carcinoma: WLR. white light bronchoscopy; LIFE, laser- induced 
fluorescence endoscope: EL CAP. Early Lung Cancer Acttnn Proieri; 
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and sputum cytology (7). The negative results from these 
'screening studies lead the NCI and other health policy and 
research groups to conclude that mass screening programs in- 
volving periodic sputum etiological evaluation and chest radio- 
graphs could not be justified. However, cbntroversies in the 
methodology and interpretation of the data from these studies 
have later been extensively discussed (8, 9). One additional 
study of annual chest X-ray screening is currently being con- 
ducted by the NCI; The Prostate-, Lung-, Colorectal-, and Ovar- 
ian (PLCO) screening trial. This trial includes individuals 55-74 
years old, but they are not selected for this trial on the basis of 
high risk for lung cancer (e.g., smoking history with >20 
pack-years). 

The failure of clinical trials to demonstrate the efficacy of 
sputum cytology and chest radiography as mass screening tools 
has resulted in a search for better diagnostic approaches for 
early lung cancer deleclion that take advantage of recent devel- 
opments in molecular biology, gene technology, and radiology 
(10). Furthermore, as has been the case for mammography 
screening for breast cancer, it has also been important to identify 
risk groups for lung cancer. 

Although, much is known about predisposing factors, nat- 
ural history, and the outcome based on histology and stage, our 
understanding remains very incomplete in many areas. What are . 
the early premalignanl changes molecularly, biochemically, and 
•morphologically? Which changes are reversible and which are 
not? Wh3i research tools are available to provide answers to 
these questions? The identification of preinvasive lesions allows 
for developing promising methods for early intervention (11). 
The therapeutic paradigm and focus arc today shifting from 
targeting only clinically verified lung cancer as previously to- 
ward targeting the premalignanl and early- malignant lesions. 
Furthermore, the prospecj of lung cancer screening has today 
become more meaningful as a consequence of recent develop- 
ments in biology and radiology and better possibilities to define 
high-risk populations most suitable for lune cancer screening 
(12). 

The present article will focus on the clinical perspectives of 
our biological knowledge or premalignanl and early-malignant 
lesions and ihc potential of the recent technological advance- 
ment for early diagnosis of lung cancer. 

Pathology of Preinvasive anil Early Invasive 
Bronchial Lesions 

Most of the efforts lo classify lung cancer have been 
directed toward invasive carcinoma (13). However, better un- 
derstanding of ihc pathogenesis of lung cancer aroused renewed 
interest in morphological abnormalities that fall short of inva- 
sive carcinoma bui may indicate initiation of carcinogenesis. 
These morphological abnormalities are referred to as preinva- 
sive lesions and ate shown in Fig. I. The last edition of ihe 
WHO classification of lung tumors included the classification of 
preinvasive lesions as a separate section. Numerous recent stud- 
ies have indicated that lung cancer is not the result of a sudden 
transforming event in the bronchial epithelium tun a multistcp 
process in which gradually accruing sequential genetic and 
ccllul.li change; result in ihc formation of an invasive {i.e.. 
malignant) tumor. Mucosal changes in ihe large airways lhat 



may precede or accompany invasive squamous carcinoma in- 
clude hyperplasia, metaplasia, dysplasia, and'CIS (14): Hyper- 
plasia of Ihe bronchial epithelium and squamous metaplasia 
have generally been considered reversible, and not premalignanl 
. in the sense of squamous dysplasia and CIS (15). 

, Squamous metaplasia is a common finding, especially as a 
response to cigarette smoking. Peters et al (16) studied bron- 
choscope biopsies from six sites in 106 heavy cigarette smok- 
ers; Squamous metaplasia was noted at one or more biopsy sites 
in approximately two- thirds of the group, and one-fourth 
showed squamous metaplasia in three or more biopsy sites. The 
incidence of squamous metaplasia increased with smoking his- 
tory and was highest in individuals who had smoked more than 
two packs of cigarettes a day. Auerbach el al. (17) noted similar 
findings in autopsy tissues: basal cell hyperplasia and squamous 
metaplasia are increased in smokers in proportion to smoking 
history. Hyperplasia and metaplasia are believed to be reactive 
changes in ihe bronchial epithelium, as opposed to true preneo- 
plastic changes (17, 18). The reasons for this include: (a) they 
are frequently found in association with chronic inflammation, 
and may be induced by mechanical trauma; (A) they spontane- 
ously regress after smoking cessation; (c) in chronic smokers, 
the molecular changes present in these lesions are similar lo 
those present in histologically normal epithelium; and (d) there 
are no reports linking their presence to increased risk for devel- 
oping lung cancer. Jn contrast, moderale-to-severe dysplasia and 
OS lesions seldom regress after smoking cessation (19). 

Dysplasia and CIS are changes lhat frequently precede 
squamous cell carcinoma of Ihe lung. Saccomanno el al. (20) 
studied more than 50,000 samples from 6,000 men. many of 
whom had worked in Ihe uranium mining industry. Both smok- 
ing and uranium mining (radon exposure) were found lo be 
associated with increased incidence of dysplasia, CIS, and in- 
vasive cancer. The studies of Saccomanno el al. established thai 
increasing degrees of sputum arypia may be recognized an 
average of 4-5 years before Ihc development of frank lung 
carcinoma. 

Another question is: which grades of sputum arypia pro- 
gress lo cancer? From. the Johns Hopkins cohort of the NCI 
chest X-ray/sputum screening trial, we know lhat among indi- 
viduals with moderate arypia on sputum screening. ~)0% de- 
veloped known cancer up lo 9 years later. Among individuals 
with severe arypia on the sputum screening, >40% developed 
known cancer during ihe same time period (21). Although there 
are data in the literature showing the relationship between 
sputum aiypia and subsequent invasive cancer, there is still very . 
little infonnaiion about the histological progression in the bron- 
chial mucosa in ihe high risk populations. In a recent publica- 
tion, nine patients with OS were followed with aulofluorcs- 
cence bronchoscopy at tegular intervals, and 5 (56%) had 
piopicssioii to invasive cancer despite endobronchial therapy 
(22). flic number of invasive cancers might even have been 
higher if treatment had not been not given. Ongoing studies of 
high-risk subjects (e.g.. the Colorado sputum cohort study) 
including serial follow-up bronchoscopies will provide evidence 
related ro ihe frequency of dcvelopmenr of invasive lune cancer 
as n relates to smoking history, airflow obstruction, and sputum 
atypi.i. 

Since ihe previous WHO- classification was published in 
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Fig. J J. squamous metaplasia. The 
cells arc widely dispersed, with a reg- 
ular maturation from ihe basal region 
lo Ihe rop. There is keratinizaiion, and 
(he nuclei/cyroplasmic ratio is low. B, 
moderate dysplasia with ASD. Hyper- 
cellular ity of the epithelium with in 
complete maturation and micropapi] 
lary invasion of capillaries are seen. 
The nuclci/cytoplasmic ratio is high 
C, severe dysplasia. There is marked 
pleomorphism of the cells with irregu 
larity and prominent nucleoli. 
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1981, two nonsquamous lesions have been added lo Ibe WHO 
classification of premalignan! lesions: atypical . alveolar hyper- 
plasia and diffiise idiopathic neuroendocrine cell hyperplasia 
(13). Both of these lesions are diagnosed rarely. The former 
consists of lesions <5 mm in diameter and composed of a 
peripheral epithelial cell proliferation with minima) cytological 
atypia or stromal response and resembles bronchioloalveolar 
carcinoma; The lesion has been seen in lung specimens resected 
for hing cancer, but no prospective significance, of this lesion 
has been reported. However, this morphological lesion may play 
a role for the pathogenesis of peripheral lung adenocarcinomas 
(23, 24). The resolution of spiral CT (currently about 3 mm) 
approaches the diameter of these lesions, and it is anticipated 
that atypical alveolar hyperplasia will be increasingly encoun- 
tered in subjects undergoing this procedure (25). Diffuse idio- 
pathic neuroendocrine cell hyperplasia consists of a patchy 
increase in the number of well-differentiated neuroendocrine 
cells in the bronchioles. This process may result in the formation 
of small carcinoid rumors, and for this reason it is considered 
. "preinvasive." To date, small cell carcinomas have not been 
associated with this lesion (13). 

Recently, the use of fluorescence bronchoscopy (see be- 
low) has increased the recognition of dysplastic lesions in, the 
large airways and a new morphological entity, ASD, was iden- 
tified (26). Dysplasia of bronchial epithelium in "micTopapillo- 
matosis" and the possible link between angiogenesis and prein- 
vasive bronchial epithelial dysplasia were recognized as early as 
1983 by Muller and Muller (27), who also described the ultra- 
structure of these lesions. It has been suggested that ibis angio- 
genesis, which is recognized as capillary loops projecting into 
the dysplastic bronchial lining, is responsible for the reduced 
fluorescence seen in dysplastic lesions by LIFE bronchoscopes 
(Figs. 1 and 3; Ref. 26). Funire prospective studies will show 
whether this morphological entity is conelated with a progres- 
sion lo lung cancer so as lo be a target for the use of anliangio- 
genic agents for chemoprevention. 

In general, there are several questions/problems relating to 
prcmaligoant lesions, which will be addressed in future studies: 
(a) The morphological criteria for premalignant and carly- 
malignanl changes.' both on sputum cytology and in bronchial 
biopsies, have lo be validaied fot intra- and interobserver repro- 
ducibility. 

(A) Uniform and reproducible inorphological/cyiological 
criteria have to be published more extensively, and a trainine set 
of slide's should be available. By ihe use of Iniernei technoloey. 
jhis could be more easily facilitated (28). 

(c) 'fhc correlation of sputum atypia and histological 
changes in the bronchi in high-risk population is not well 
defined. 

(if) Hie natural course of preinvasive changes in the bron- 
chi from ihe high risk subjects needs to be clarified through 
longitudinal, prospective studies with reference lo histological 
chances in the bronchi. Ongoing longitudinal studies with flu- 
orescence bronchoscopy and multiple biopsies with histology 
and other bionrarkers will define the ability of these markets to 
assess for risk. 

(e) What is the pathology/biology of the small, often pe- 
ripherally located, tumors (3 mm in diameter), which are more 



often diagnosed with newer radiological techniques (e.g.. low- 
dose spiral CT)? 

(/) Optimization of the tissue procurement and processing 
. techniques are important. Distinction of reactive from neoplastic 
processes is usually straightforward, but diagnostic difficulties 
may arise in Ihe case of (a) inadequate or poorly prepared 
histological material lo evaluate and (it) Ihe presence of cyto- 
logical atypia in epithelium stimulated by inflammation, viral 
infection, radiation, Or chemotherapy. 

(g) DNA array analyses of gene expression: will it be 
useful? How to collect proper mRNA? Can mRNA extracted 
from microdissected cells obtained at bronchoscopy be globally 
amplified and still remain representative of RNA present in sim? 

Biology of Lung Carcinogenesis and Potential Early 
Detection Markers 

Lung Cancer is Ihe end-slage of multiple-step carcinogen- 
esis, in most cases driven by genetic and epigenetic damage 
caused by chronic exposure to tobacco carcinogens. The genetic 
instability in human cancers appears to exist 3t two levels: at Ihe 
chromosomal level, including large scale losses and gains; and 
al the nucleotide level including single or several base changes 
(29). Lung cancers harbor many numerical chromosomal abnor- 
malities (aneuploidy) and structural cytogenetic abnormalities 
including deletions and nonreciprocal translocations (30). At 
least three classes of cellular genes are involved: protoonco- 
genes, TSGs, and DNA repair genes. Oncogenic activation often 
occurs via point mutations, gene amplification, or chromosomal 
rearrangement, whereas TSGs are classically inactivated by the 
loss of one parental allele combined with a poinl or small 
mulation or aberrant methylalion of a target TSG iii Ihe remain- 
ing allele. Additionally, dysregulated gene expression (either 
increased or decreased expression) can occur by other, as yet 
unknown, mechanisms (30). Present studies have not yet con- 
firmed a prominent role for abnormalities of DNA repair genes 
in lung cancer. 

Prcneoplaslic cells contain several molecular genetic ab- 
normalities identical lo some of the abnormalities found in overt 
lung cancer cells (Fig. 2). These include allele loss at several 
loci Op, 9p, t'p, and lip), myc and ras up-regularion, cyclin Dl . 
overexpression, p53 mutations, and increased imnranoreactiv- 
iiy, be 1-2 overexpression and DNA aneuploidy (31-35). Allelo- 
typing of precisely microdissected, preneoplastic foci of cells 
suggests thai the earliest changes in ihe bronchial epithelium is 
allele loss at chromosome regions 3p, then 9p, Sp, I7p. 5q. and 
then ras mutations (36-39).The biological meaning of LOH is ' 
only vaguely understood. Recent evidence suggests that LOH 
may bo a consequence of mitotic 'recombination, that there is 
only infrequent physical loss of genetic loci,, and thai LOH 
probably precedes chromosomal duplication (<10) Allelic loss 
would thus be significant primarily in the presence of mutation 
in the ictained allele, and gene dosage would nol be expected to 
exert a phenoiypic effect in LOH. Some reports have indicated 
thai nis activation occurs at early carcinoma stages (34). His- 
tologically normal bronchial epithelium adjacent to cancers has 
also been shown to have certain genetic losses. Atypical ade- 
nomatous hyperplasia, the potential precursor lesion of adeno- 
carcinomas, often have Ki-ra.i mutations I'll). 
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Fig. 2 Sequential changes during lung cancer pathogenesis. Although multiple genetic markers arc abnormal in lung cancers Ihcir appearance during 
Hie lengthy preneoplastic process varies. The liming of Ihe appearance of these changes has been investigated in bronchial prcneoplasia because 
scqucnrral sampling of the peripheral lung is technically (tifficd.. Several alterations have been described in histologically normal bronchial epithelium 
of smokers. Other changes have been detected in slightly abnormal epithelium (hyperplasia, metaplasia) which we do not consider to be true 
premalrgnanl lesions. These changes ale regarded as early changes. Molecular changes delected frequently in dysplasia are regarded as intermedia* 
in timing, whereas those usually detected at the CIS or invasive stages are regaidcd as late changes. It should be stressed that allhough ,l>e,e is a usual 
order, exceptions icgaiding ihe liming of onset may occur. Some changes are progressive, such as chromosome 3p deletions. Thus small discrete 
changes are present early, progressively become more extensive during pathogenesis, and frequently involve all or almosl all of Ihe arm in CIS 
samples. Allhough allelic loss ai the TP53 locus may precede ihe onset of mutations, data on this sequence are scant. Dysregulation of the RNA 
component of telomerase (wiib its appearance in nonbasal cells) is an early event, whereas up-regulation of the eene is a relatively late event 
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Molecular changes have been found not only in the lungs 
ol patients with lung cancer, but also in the lungs of current and 
former smokers without lung cancer (1 8, 42, 43). These obser- 
vations ore consistent with the multistep model of carcinogen- 
esis and "field cancerization" process, whereby the whole region 
is icpeaicdly exposed to carcinogenic damage (tobacco smoke) 
and is ril risk for developing multiple,- separate, clonally untc- 
bled foci of neoplasia. The widespread aneuploidy that occurs 
ihioughoul the respirator)' tree of smokers supports this theory 
(44). However, the ptesence of the same somatic p53 point 
mutation at widely dispersed preneoplastic lesions in a smoker 
w ithout invasive lung cancel indicates that expansion of a sinele 
progenitor clone may spread throughout the respiratory tree 

These molecular alterations might thus be important 
targets lot use in the early detection of lung cancer and for irse 
as surrogate biomarkcts in ihe follow-up of chcinopicvcniion 



studies. Detection of these mutant cells should be possible with 
the different molecular techniques in accessible specimens. The 
prospects of diagnosing these biological abnormalities in mul- 
tiple types of clinical specimens are discussed below. 

Specimens for Clinical Testing: Sputum 

Since the 1930s, cytological examination of sputum has 
been used for the diagnosis of lung cancer (46). Cytological 
examination of sputa, especially multiple samples, is helpful for 
the detection of central rumors arising from the larger bronchi 
(c.£.. squamous cell- and small cell carcinomas). Exfoliated 
cells from peripheral tumors, such as adenocarcinomas, arising 
from the smaller airways (small bronchi, bronchioles, and alve- 
oli), especially those less than ? cm in diameter can be delected 
only occasionally in sputum samples. This has become of 
greater importance because the changes in cigarette exposition 
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(filters and decreased nicotine content) have created an increase 
in adenocarcinomas and a decrease in squamous carcinomas 
(47-49). The sensitivity of sputum cytology for early lung 
cancer is only in the 20%-30% range from screening studies, 
but by adhering to proper specimen collection, and processing 
and interpreting criteria, the yield can be substantially improved 
(50, 5 1 ). The data on the reliability of the sputum are conflicting 
(52-54). Browman el at (52) reported inlerobserver agreement 
of 68% for exact and 82% for within - l-category. Holliday et 
al. (54) reported low agreement within observers (27- 60%) and 
across observers (13-50%). Within - 1 - category inlraobserver 
agreement underwent a two- or 3-fold increase in agreement, 
which was also the case for inlerobserver agreement. The var- 
iation in intra- and inlerobserver agreement seems to depend on 
experience among the cytotechnicians/cylopalhologists and the 
composition of categories studied. A higher degree of agreement 
is obtained for higher grades of dysplasia (54). Risse et al. (55) 
showed that the ability to detect premalignant conditions is 
dependent on the number and type of cells present in the deeper 
airways, suggesting a mode of improvement that is unrelated to 
observer reliability. MacDbugall el al. (56) concluded that spu- 
tum cytology was loo insensitive and insufficiently, accurate lo 
be included in the routine work-up of any patient suspected of 
having lung cancer. To improve the reliability of spurum cytol- 
ogy examinations a simplification of the diagnostic categories 
from 6 (normal; squamous mefaplasia; mild, moderate, and 
severe atypia; and carcinoma) lo 2-3 categories have been 
proposed (54). Future cliin'copalhological studies will be re- 
quired lo validate this concept. 

To' improve the sensitivity of sputum examination as a 
population-screening lool for Ihe detection of early lung cancer, 
several approaches are currently under development. 

Imnmnostaining. Annual sputum specimens obtained 
fiom individuals screened at Johns Hopkins were obtained, and 
Ihe patients weie monitored for 8 years |57). Because Ihe 
clinical outcome of these patients was known, archival sputum 
specimens were screened for ihe presence of biomarkers lhal 
could indicate the presence of lung tumors in an early, preinva- 
sive stage. In an attempt lo distinguish the patient of marker 
expression Tockman el al. (58) studied two monoclonal anti- 
bodies. Positive staining predicted subsequent lung cancer ap- 
proximately 2 years' before clinical recognition of ihe disease, 
with a sensitivity of 91% and a specificity of 88% (58). One of 
these antibodies (703 D4) had a higher sensitivity and was later 
identified as recognizing hnRNP A2/B1 (59). The role of 
hnRNP A2/J3) ovcrexpression for dcrccling preclinical luiia 
cancer has been studied in a large high- risk population including 
6001) Chinese lin miners who were heavy smokers and who had 
an extraordinary rare of lung cancer (60). 7 tie results from, this 
study indicated that deieciion of hnRNP A2/B1 overexpressioii 
in spuiimi epiihclium cells was 2- lo 3- fold more sensitive for 
deieciion of lung cancer lhan standard chest Xrav and sputum 
cytology methods. The method was particular ly. effective in 
identifying early disease (60). The sensitivity was 74% iw.ii/j 
21% lor cytology and 42% for chest X-ray. However, the 
biom.irker had a lower specificity (70%) compared wiib et iol- 
ogy (100%) and chesi radiograph (90%). An ongoing clinical 
trial is evaluating the performance of the A2/I3I protein as a 
biomarkcr (or ihe early detection oi SI'I.O. 1 he patienis at risk 



for SPLC have the highest incidence of lung cancer (2-5%) 
among asymptomatic populations (61). In this trial, 13 SPLCs 
were identified by A2/B1, and the sensitivity and specificity 
were 77- 82% and 65-81%, respectively. Among the cases 
. identified as positive by immunocytochernisrry and image cy- 
tometry, 67% developed SPLC within 1 year (62). Whereas Ihe 
previous immunocytochemistry studies on material from the 
older screening materia) from Ihe NCI-supported screening 
studies were made on sputum cells cylologically classified with 
moderately or gravely atypical metaplastic appearance, Ihe latter 
studies have been done on cylologically . "normal appearing" 
cells. More recently Sueoka el al. (63) reported Ihe confirmation 
of the value" of overexpression of hnRNP A2/BI lo detect 
preclinical lung cancer in Japan. Efforts to improve the sensi- 
tivity of hnRNP markers are ongoing (64). . 

PCR Techniques. PCR techniques have been used for 
the evaluation of molecular biomarkers for early lung cancer 
detection. In a pilot study with selected patients from Ihe Johns 
Hopkins Lung Project (JHLP), 8 (53%) of 15 patienis with 
adenocarcinoma or large cell carcinoma were detected by mu- 
tations in sputum cells from 1 to 13 months before clinical 
diagnosis (65). However, the method seemed to be less sensitive 
than the protein marker described above, and the identification 
of specific gene abnormalities is further limited by Ihe need to 
know the specific mutation sequence with which to probe the 
sputum specimens. Currently, this approach is not practical for 
screening undiagnosed individuals. Future advances in gene 
chip technology may permit testing for all possible mutations of 
common oncogenes and TSGs in clinical specimens of asymp- 
tomatic individuals (62). ' 

Microsaiellite markers are small repealing ONA sequences 
found in the noncoding regions of a gene. PCR amplification of 
these repeat sequences provides a rapid method for assessment 
of LOU and facilitates the mapping of suppressor genes (66, 
67). Miciosatellite alterations are extension or deletions of these 
repeated elements. Detection of microsaiellite alterations in 
histological or cylological specimens may facilitate Ihe detec- 
tion of clonal preneoplastic or neoplastic cell populations. Al- 
though the detection of microsaiellite alterations does not indi- 
cate Ihe specific genetic change in Ihe tumor, detection of clonal 
cell populations might serve as a cancer screening marker (65). 
Identical alterations have been found in lung cancers and cor- • 
responding spurum samples demonstrating minimal atypia (68). 
I he pl6 gene is located on the shon arm of chromosome 
9(9p2l) and is frequently mulaled or inactivated in rumors and 
cell lines derived fiom lung cancer (69. 70). Belinsky el al. (71) 
measured hypcnneihylarjon of ihe CpG islands in the sputum of 
lung cancer patients and demonstrated a high correlarion with 
early stages of non-small cell lung cancer, which indicated lhal 
p)6 CpG hypermcihylation could be useful in the prediction of 
furure lung cancer. However, prospective studies are needed to 
evaluate the role of pi 6 hypcmiethylation as a marker for early 
lung cancer detection. Multiple other genes are inactivated by 
hypemreihylation in lung cancer (72), and the detection of 
hypermcihylation may be useful for risk assessment and early 
diagnosis. 

Compulrr-assisled linage Analysis. Computer-assisted 
image analysis was initially used to detect malignancy- associ- 
ated changes {e.g.. subvisual or nonobvions changes in the 
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distribution of DNA in the nuclei of histologically normal cells 
in the vicinity ' of preinvasive or invasive cancer; 73). In a 
retrospective analysis of sputum cytology slides, malignancy- 
associated changes alone correctly identified 74% of the sub- 
jects who later developed squamous cell carcinoma (74). The 
technique has been improved, and recent data showed sensitiv- 
ities of 75% for stage 0/1 lung cancer and 85% for adenocarci- 
nomas with a specificity of 90% (75). This quantitative micros- 
copy technique allows the examining of thousands of cells per 
slide within a relative short time. Similar techniques have been 
approved in the United Stales for cervical cancer screening, and 
: might, in the future, play a role for lung cancer screening. 
However, no prospective clinical studies has evaluated this 
technology in a larger lung cancer screening setting; 

High Throughput Technology. With future advances in 
,gene chip technology, it might become feasible to probe for 
expression of multiple genes in sputum specimens of asymp- 
tomatic individuals. However, this requires a large amount of 
undegraded RNA from respiratory tract cells. With the high 
throughput technology, a higher sensitivity might be achieved 
by using multiple maikers at the cost of achieving a lower 
specificity, which would be undesirable for a screening study. 

In conclusion, we need to reevaluate the role of sputum 
cytology for screening and early, detection of lung cancer be- 
cause of advances in biomarkers and technology. Ongoing stud- 
ies with standard and biomarker analysis in high-risk groups 
might change the previous negative attitude and provide a new 
perspective on spunim cytology as a mass screening tool when 
applied in a high-risk population. Adding different molecular 
diagnostic tests gives the possibility for early diagnosis far in 
advance of clinical presentation. However, validation of the 
tests in larger prospective studies is necessary, and the individ- 
ual tests have to be compared wjih each other to define the role 
of early diagnosis in the overall management of high-risk sub- 
jects. Furthermore, health economic issues have to be consid- 
ered. 

Specimens for Clinical Testing: UAL 

DAL involves the infusion and rcaspiration of a sterile 
.. saline solution in distal segments of the lung via a fiberoptic 
bronchoscope. Ahrendl el oh. (76) examined a series of 50 
resected nomSCLC tumor patients and compared tire tumor and 
BAL with regard to molecular markers including p53 mutations, 
K-ras mutation, the mcihylaiion status of the CpG island of the 
pI6 gene, and microsatelliie alteration (Tables I and 2). Wiih 
the possible exception of the test for microsatelliie alteration, all 
of the tests had relatively high sensitivity and could delect 
mutant cells in the presence of a large excess of normal cells. 
The frequencies of these changes in the rumors ranccd from 
27% (for K-ras mutations) lo 56% (for p53 mutations!. As 
expected, p53 mutations were more frequent in central (piedom- 
inanilysqnamous cell) tumors, and K-ras mutations were more 
frequent in peripheral (predominantly adenocarcinoma) tumors. 
The specificity was high tm-aily 100%) because, with the ex - 
ception of nlirrosalcllite alterations, the same cenclic change in 
BAL sample as in rumors was always found, but the sensitivity 
was low, and in only 53% of tumors rhat contained molecular ' 
lesions were the same abnormalities detected in corresponding 
BAL fluids Specifically, the rests were least helpful in the 



group of patients in whom improved diagnostic abilities are 
most needed, those with small, peripherally located tumors (77). 
Unfortunately, the investigators were not able lo compare the 
molecular tests with routine cytopathological analysis of the 
BAL specimens. The sensitivity of the molecular tests in BAL 
specimens has to be improved, and we need lo know the results 
from subjects at increased risk (current and former smokers 
without lung cancer and survivors of previous cancer of the 
upper respiratory tract) and subjects with chronic lung diseases 
as well as results from healthy never smokers. 

A European group has previously shown that genetic al- 
terations detected in DNA from bronchial lavage of individuals 
with lung cancer were also found, in individuals with no evi- 
dence of malignant disease (78), which raises the question about 
the specificity of such molecular damage in neoplastic condi- 
tions. To improve the sensitivity and specificity of delecting 
allelic imbalance in lung tumors, high throughput PCR-based 
microsatelliie assays have been established (79). In a tecent 
study by Fielding el at. (80), the up-regulalion of hnRNP A2/B1 
was found to be a promising marker in BAL for the detection of 
premalignanl and malignant bronchial lesions with a diagnostic 
sensitivity of 96% and a specificity of 82%. 

It is too early yet to make conclusions as to whether BAL 
examinations will add to other pathological/molecular biologi- 
cal clinical studies. To obtain diagnostic materia) for BAL 
bronchoscopy is required, and we do not have any data that 
compare BAL examinations with biopsies. Thus, we do not 
know whether BAL is a valuable adjunct to the biopsies taken 
under the same bronchoscopy procedure. 

Specimens for Clinical Testing: Peripheral Blood 

For many years scientists. have searched for a lung cancer- 
specific tumor marker that could be detected in peripheral blood. 
Optimism was raised in the "early" immunocytochemisiry era 
by the use of monoclonal antibodies raised against more-or-less 
specific epithelial epitopes. In the search for epithelial cells in 
peripheral blood and bone marrow, monoclonal antibodies 
against cytokeratin have been used. However, these reactions 
are clearly not cancer-specific, and some antibodies have been 
shown lo cross-react with normal blood or bone marrow ele- 
ments (81, 82). Another explanation could be lhat cells from the 
macrophage/monocyte system may contain proteins derived 
from the primary tumor that have undergone necrosis and 
apopiosi? and that these processed proteins are recognized by 
the antibodies (S2). On the basis of "traditional" immunocyto- 
chemisiry, no markers have been able to detect premalignanl or 
early- malignant disorders based on a peripheral blood sample. 
However, w-illi rhe development of DNA technologies, new 
possibilities have been raised, and, wilh Ihe use of PCR tech- 
niques, some promising reports have been published. 

Nanogram quantities of DNA circulating in Wood arc pres- 
ent in healthy individuals (S3, 84). Tumor DNA is also released 
inlo the plasma component in increased quantities (85. S6). 
Thus, lire plasma anil serum of cancer patienis is enriched in 
DNA, -an average four limes the amount of free DNA as com- 
pared wiih normal controls (87). In a study by Chen ei al. |8S). 
a comparison of microsalellite alterations in tumor and plasma 
DNA was done in SCLC patients, and 93% of the patienis wiih 
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Table J Tissues and other resources for the study of molecular markers 



Specimen 



Rcf. 



Comments 



Tumor tissue 
Sputum 

Surrogate organ- 

Bronchial brush/wash 
Bronchial tissues 



Blood components 



Tissue for molecular staging 



Tumor cell fines 



Culluies of nonmalignant tissues 



Nonmalignant tissue from 
anil from cancer- free 



patients 
laiivcs 



Numerous 



65, 68,71, 74 



140 



14), 142, 143 



42, 43, 45, 144, 145 



76, 78, 146, 147, J48 



72, 92, 149 



150, 151 



152, 153 



156, 157. 155 



Mixture of cell types, may require microdissection (139). Extensively used 
for most. studies. Alcohol-fixed fine-needle aspirates may be used for 
mutational arid other studies. 

Respiratory cells usually in small minority. Most samples fixed in. 
Saccomanno's fixative. Several studies have been performed on these 
specimens many years later. 

Predominantly squamous epithelial cells. Buccal smears; brashirigs of 
tongue or tonsil may be explored as potential surrogate organs resulting 
from the field effect of tobacco damage of the entire upper., 
aerodigestive tract. This concept needs to be confirmed. 

Predominantly respiratory cells. Fresh, frozen, or alcohol-fixed samples are 
suitable for multiple studies including FISH.* 

Usually from bronchial biopsies, but may be obtained from surgical 
resection specimens. Formalin fixation and paraffin embedding required 
for histological diagnosis, although EASI preps may permit ■ 
identification and isolation of subpopulations. Paraffin sections may be 
used for genotyping polymorphisms,' for allelotyping, arid for in situ 
hybridization. 

BAL fluids are useful for examining the peripheral airway cells, which are 
the precursor cells of most adenocarcinomas. Numerous mononuclear 
cells present. Enrichment of epithelial cells desirable. 

Analysis of circulating tumor cells and genetic material shed by dying 
lumor cells into the plasma component may yield useful biological and 
diagnostic information. Gene mutations and presence of epithelial cell 
markers have been used to detect circulating rumor cells. Gene 
mutations, allelic loss, mtcrosalellite alterations, and aberrant 
metbylation have been used to identify lumor cell DNA released into 
the fluid compartment. 

Although lilile data exists for lung cancers, regional lymph nodes, seniinel 
lymph nodes, and surgical resection margins have been used in other 
rumor types for molecular staging. 

Provide an unlimited self-replicating source of high-quality molecular 
reagents and have been used for numerous studies. Cell lines may oi 
may not reflect ihe properties of the tumors from which they were 
derived (26). although they probably tepieseni cellular subpopulations 
(27). Aggressive metastatic tumors are more likely to be successfully 
cultured (28) resulting in skewed data. 

Epithelial culluies may be useful for studying molecular changes during 
multistage pathogenesis. Temporary as well as a few immortalized 
cultures from nonmalignant epithelial cells have been established. 
B-Iymphoblastoid culluies are useful for linkage analysis,, for genetic 
suspcciibiliry studies, and for allelotyping coitesponding Illinois. 

Tissues such as buccal smears, tumoi free lymph nodes, and peripheral 
blood mononucleai cells are useful as controls for linkage analysis, foi 
genetic susceptibility studies, and for alleloryping corresponding tumois. 



" FISH, flnoicscmce in situ hybridization; EASI. epithelial aggregate separation and isolation. 



miciosatcllite alicrahons in tumor ON A also had modifications' 
in the plasma DNA. However, some patients had LOH onlv in 
the rumoi DNA. Because most of the microsatcllite alterations 
were similar in rumor DNA and plasma DNA. they concluded 
thai some of the DNA circulating in the blood comes (torn the 
tumor. Thus, modifications of circulating DNA can be used as 
:m caily detection marker. Detection of aberrant DNA methyl- 
at ion in semm DNA in patients with non-SCl.C has been 
reported 07). Although the number of patients was small and 
the hype'rmcibylaied DNA was found in all stapes, it opens tip 
lot the possibility to be used as an early lung cancer detection 
matkei. Funhermoic. pjj and tas acne mutations have been 



detected in the plasma and serum of patients with colotecial 
cancers (89-9 J), pancreatic carcinomas (92. 93). and hemato- 
logical malignancies (94). 

In. conclusion, the limited diiect accessibility of lung car- 
cinomas has led to efforts to identify tumor-associated soluble 
markers in serum or plasma. Many of the currently recognized 
soluble markers were fnsi identified as "tumor"' markers bin. 
when evaluated in nonneoplastic tissue, have often been found 
in normal cells as well as in tumors. For early detection of lung 
cancer, we need more clinical data evaluating these new molec- 
ular biological maikers from multiple sites, especially in high- 
risk croups. 
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Table 2 Molecular approaches for lung cancer investigation 



Specimen ■ 



Ref. 



Gene. mutations 



Allelotyping 



Gene expression at RNA 
and protein level 



159, 160, 161 



18, 158 



145, 162, 163, 164, 165, 166 



Molecular cytogenetics 



Comparative genomic 
hybridization 

Morphomclric studies 



40, 167. 163, 169, 170 



171, 172 



74, 173; 174 



■ Comment 



Widely used technique, especially forpjj and km genes; Often used 
to determine the i6le of a newly discovered gene in the 
pathogenesis of hmg cancer. May be of diagnostic and prognostic 
significance. Multiple methodologies available. 

Useful as a partial substitute for mutational analysis and for 
determining the chromosomal locations of putative tumor 
suppressor genes. Widely used to study multistage pathogenesis. 
Readily performed on formalin-fixed and microdissecled tissues. 
Increasing use of gcnolyping using automatic sequencers. 

Northern blotting and reverse transcription-PCR are widely used to 
investigate gene expression. Western blotting often used for . ■ 
detection of protein expression. In silu hybridization for message 
expression can be performed on parafTin-ernbedded tissues and, 
thus, can be used to investigate multistage pathogenesis. 
Microarray techniques offer promise of examining all or most of 
the genome but currently require relatively large amount of high- 
quality RNA from purified cell populations Sage technique useful 
for investigation and identification 'of expressed genes. Similarly, 
advances in proleomics wilt permit simultaneous detection of 
multiple proteins. Numetous immunohistochemical studies of 
. oncogene expression have been used to study multistage 
pathogenesis. Of particular interest, hnRNP expression on 
exfoliated epithelial cells in sputum samples may predict for 
development of cancer. 

In silu hybridization studies of fixed materials or using smears has 
provided considerable information about numerical and structural 
changes. 

Useful for detection of gene amplifications. Less sensitive for the 
detection of legions of allelic loss. 

May be applied to paraffin-embedded tissues. Useful for determining 
aneuploidy and fot measuring a number of nuclear and 
cytoplasmic parameleis. . 



Specimens for Clinical Testing: Bronchoscopy 

•WLB is the most commonly used diagnostic loo) for ob- 
taining a definite histological diagnosis of lung cancer. Bron- 
choscopy has majoi diagnostic limitations for piemalignant le- 
sions. Becattsc these lesions are only a few cells thick (0.2-1 
mm) and have a surface diameter of only a few millimeters, they 
toiely arc observed as visual abnormalities. Woolner (95) re- 
ported that squamous cell CIS was visible to experienced bron- 
choscopisls in only 29% of cases. To adilicss this limitation, 
fluorescence bronchoscopy was developed.. Early studies of 
fluoiesccncc bionchoscopy entailed the use of fluorescent drugs 
(hematoporohyrin dyes) thai were prelcientially letaincd in ma- 
lignant tissue (96). Although, studies evaluating this approach 
did. in fact, show that early invasive and in sun cancers could be 
localized, the detection of dysplasia remained problematic (97- 
100). Furthermore, the development of photodynamic diagnos- 
tic systems was hampered by problems including skin photo- 
sensitizing and interference with tissue auiofluorescence. To 
overcome these problems, a new laser photodynamic diagnostic 
system was developed (101). This system detected rumor- 
specific drug fluorescence at 630 ran wavelength, which is far 
from normal tissue aMlofiuoifscencr (M.'fi-oSO nm). arid inter- 
ference by amolluoicsccnce liom normal I issue should then 
have been eliminated., but it remained a significant problem 
(102), 



Another approach was developed by Palcic el ol. (103), 
who noticed the lack of auiofluorescence in the tumor lesions by 
using blue light (442 nm) rather than while light to illuminate 
the bronchial surface. They amplified the difference in auiofluo- 
rescence between normal, prcmalignant, and tumor tissue for 
clinical use (103. 10-1). Using a high-quality-charge coupled 
device and special algorithm, the LIFE was developed, taking 
advantage of the principle that dysplastic and malignant tissues 
reduce autofluoresccnl signals compared with normal tissue 
(Fig. 3). 

Several studies have been performed comparing the drag- 
nostic specificity and sensitivity of LIFE bronchoscopy rmm 
WLD in diagnosing preinvasive and early-invasive lesions 
(105- 109: Table 3). Most of the studies reported a highct 
diagnostic sensitivity of LIFE bionchoscopy in the detection 
premalignani and eaily malignanl lesions at the cost of. lowci 
specificity {i.e.. moie false-positive results). In mosi of these 
studies, lesions with modeiale dysplasia or worse weie the target 
of the study and rated as "positive.'' The prevalence of prein- 
vasive and early lung cancer varies widely from one study to 
anothei, from 20.2% (105) to 63.8% 1102). The explanation 
might be beyond the risk piofile of genetic variations ot diffei- 
ent levels of experience among the endoscopists as well as the 
pathologists involved. Furihcnnoie, there seems to be a naming 
effect in using ihe LIFE bronchoscope, which has been demon- 
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Fig. 3 /), normal WLB and normal LIFE bronchoscopy. B, WLB shows inflammatory changes in the bronchial mucosa but no suspicion of 
•malignancy (le/i). LIFE bronchoscopy shows diffuse reduced autofluoicsrcncc (visualized by tiffiae reJ-hrownul, c.,lon:a:,o,r arrow,) Biopsv 
demonstrated diffuse severe dysplasia. 



slrated by Vcnmans a al. (107) In then study, the diagnostic 
sensitivity increased from 67 to 80% when comparing the fust 
and the second half of ihe study. The use of the LIFE device in 
conjunction with WLB improved Ihe deieclion rale of preneo- 
plastic lesions and CIS significantly ( fable 3). Kurie ei nl. (106) 
looked for more subtle tissue transformation, but their studv 
included few patients with moderate dysplasia or worse. No 
improvement in the evaluation of metaplasia index was ob- 
served by the use of LIFE bronchoscopy. Thus, differences in 
the srudy population might explain the diffeicnl conclusion. 
There aie still no clinical studies with sufficient long-term data 
showing that modeiatc dysplasia is the most relevant clinical 
predictot of rveniu.il malignancy. Limitations in makinc con- 
clusions fiom the existing studies ate also the potential meth- 
odological bias iclaled to the Older in which the diffeicnl bum- 
choscopy piocedmes aie done and whethet the same exaininei 
has pciforuied boih ptorcdures. To addicss these issues, a 



prospective randomized study between LIFE bronchoscopy and 
WLB was done al the University of Colorado Cancel Ccnlct. 
The study design included a randomization with icgaid to the 
order of procedure as well as the otdei of the individual bion- 
choscopisl (109). The order of ihe piocednre and of ihe indi- 
vidual btonchoscopist did not affect Ihe icstilis The study also 
demonsnated a significantly higher scnsiiivilv in deieclinc pie- 
malignant lesions visualized by the LIFE, bin at the cost of n 
lowei specificity (J09). The reason for the low diagnostic spec- 
ificity found with the LIFE bronchoscopy in the diffeicnl studies 
might be attributable to the visualization of moic abnormal foci 
with the LIFE bronchoscope, w ith the consequence that a laigc'i 
mnubei ol biopsies were taken and. (bus. there was a hicbei risk 
of mote false-positive icsults. The use of LIFE bioncboscopv 
has led to the identification of a new morphological entity, the 
ASD. which is described above. In a tecent morphological study 
angiodysplastic changes weic frequently found m pirneoplastic 
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Fig. 4 Seventy-one-year-old man .with a spicular nodule in upper lefl 
lobe demonstrated on low-dose helical CT {picture), but not visible on 
chest X-radiography. CT - guided biopsy showed adenocarcinoma. 



and early-malignant lesions in the bronchi (26). The morpho- 
logical entity has been confirmed in preneoplasias among smok- 
ers, and the perspectives of this finding'have been extensively 
discussed ( 1 1 0). The prognostic significance of this morpholog- 
ical entity is currently studied in ongoing long-term follow-up 
studies. Future studies have to evaluate the role of ASD as a 
biomarker for early lesions and whether it can be used as a 
marker for treatment effect or therapeutic target for chemopre- 
venlion. 

The LIFE bronchoscope may play an important role in the 
screening and follow-up of subjects at high risk of developing 
lung cancer. At this stage, however, it is unknown whether the 
LIFE bronchoscope will lead to a reduction in lung cancer 
mortality. There are also no data on cost-effectiveness and 
cost-benefit analyses available for this new diagnostic proce- 
dure. The use of the LIFE bronchoscope may also in the future 
be extended to other indications, eg., patients singed as having 
resectable lung cancer on one side. Whether LIFE bronchoscopy 
of the contralateral lung will disclose abnormalities, which 
would change the therapeutic decision, is not yet reported.. 

Recent Advances in Radiology 

The previous NCI-sponsored screening trials failed to dem- 
onstrate any reduction in the lung cancer mortality by sputum 
cytology and yearly chest radiography as mass screening tools 
lot lung cancer sctcening. Limitations of design and execution 
of the studies, however, have been discussed extensively (8. 
111. 112). An extended follow-up (median, 20.5 years) of the 
Mayo Lung Project was recently published (113). There was 
.Still no difference in lung cancel mortality between the inter- 
vention ami and the contiol arm (4.-1 ie>sns 3.9 deaths per 1000 
person-years). However the median survival for patients with 
resected early-stage disease was !(>.() years in the intervention 
arm versus 5-Oyents in the usual-care arm {I' < O.0M. The latter 
Jindings have raised the question as to whrrln-r some small 
lesions with limited clinical relevance may have been identified 
in the intervention ami, and the question ol "overdiagnosis' 1 was 
discussed in accompanying editorials 1 1 1-1). 



Mass screening for lung cancer has been performed in 
Japan for many years and has been performed in over 500,000 
. people in about 80% of the local communities (1)5). Sobue el 
ol (116) observed that annual clinic-based chest X-ray screen- 
ing for lung cancer in Japan showed reduced fung cancer mor- 
tality by about one-fourth among individuals who. underwent 
screening once a year. In this screening program, the relative 
odds ratio of dying from lung cancer within 12 months was 
0.535 and in the 12-24-month period was 0:638 (117). How- 
ever, many studies have focused on the pitfalls in the detection 
of abnormalities by radiography (1 1 8-122). The limit of chest 
radiographic sensitivity for nodule detection is roughly I cm in 
diameter, by which time the tumor has over 10 9 cells and may 
already have violated bronchial epithelium and vascular epithe- 
lium. CT has been shown. to be more effective in the detection 
of peripheral lung lesions compared with plain radiography or 
conventional tomography of the whole lung (123, 124). 

Spiral CT scan is a relatively new technology with the 
. ability to continuously acquire data resulting in a shorter scan- 
ning time, a lower radiation exposure, and improved diagnostic 
accuracy compared with those of plain radiography (125-127). 
Spiral CT allows the whole chest lb be imaged in one or two 
breath-holds, reducing motion artifacts and eliminating respira- 
tory misregistration or missing nodules. Although there is 
greater radiation exposure with CT than with chest radiography, 
low-dose techniques (lower mA of 30-50 compared with 200 
for conventional CT) have achieved calculated exposure doses 
that are 17% that of conventional CT and 10 limes that of chest 
radiographs. Further reduction in radiation dose while maintain- 
ing diagnostic accuracy is a topic of current research. Further- 
more, for the baseline screening, low-dose spiral-CT-scao i.v. 
contrast is not administered. Nodules as small as 1-5 mm can be 
shown with modern spiral CT technology (25, 128). The obvi- 
ous advantages with this new technology led some groups in 
Japan and in the United Slates to look to low-dose spiral CT as 
a tool Tor screening (Refs. 129-131: Tables 4 and 5). 

In a Japanese report, spiral CT scans and chest radiographs 
were done twice a year in 1369 individuals (129). Periphetal 
lung cancer was detected in 15 (0.3%) of 3457 examinations, 
and, among the 15 lung cancel cases delected, the results of 
chest X-ray weie negative in 11(73%), and the tumois were 
detected only by low-dose spiral CT. The detection rates of 
low-dose spiral CT and chest X-ray were 0.43% (15 of 3457 
examinations) and 0.12% (4 of 3457 examinations), respec- 
tively. Furthermore, 14 (93%) of the 15 lung cancers were stage 
I disease. The histology showed that II of the 15 lung cancel 
cases were adenocarcinoma, and 4 had squamous cell- carci- 
noma. The effective exposure dose with spiral CT scan in that 
study was calculated to about one- sixth rlinr of conventional CF 
The ELCAP in New York was designed to detennine: {a) 
the frequency with which nodules were delected: {b) the fre- 
quency with which detected nodules represent malignant dis- 
ease, and (c) the frequency with which malignant nodules Die 
curable ( 131). In the ELCAP smdy, 27 lung cancers were found 
among 1000 subjects screened. Among the 27 patients with 
cancer. S5% had stage 1 disease (T able 5). 

Another population-based study on low-dose CI screening 
has been published by Sone ri nl. |130), using a mobile low- 
dose spiral CT scanner Tire detection rate was 0.48% li t., 4-5 
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Table 3 Bronchoscopy versus W LB in diagnosing premaligriant and early-malignant lesions 

. . Sensitivity ' Specificity PrediclNevah.es 

Relative Relative PPV" NPV 

No of L1FE+ sensitivity LIFE+ specificity LIFE+ LIFE+ PPV NPV PPV NPV 

Author biopsies WLB LIFE WLB LIFE -t- WLB WLB LIFE WLB L1FE+WLB WLB WLB LIFE LIFE WLB WLB 

Lam e, a/ (105) 700 0 67 NR 0.25 63(2.7/ 0.66 NR 0.90 NR 0.33 0.89 NR NR 0.39 0.83 

%Z?fJw> 234 NR 0.38 NR NR NR 0.56 NR NR NR NR 0.16 0.81 NR NR 

Vegans Hal 007) 139 NR 0.89 0.78 1143 NR 0.610.88 NR 0.20 NR 0.14.0.99 0.32 0.98 

V~«./ (108) 72 0.93 NR 0.25 3.75 0.21 NR0.87 NR 0.13 0.96 NR NR 0.19 0.90 

KenTdy e,at(m) 394 0.79 0.72 018 4.4 03 0.43 0.78 0.38 0.2 . 0.85 0.25 0.87 .0.17 0.80 

* PPV, positive predictive value; NPV, negative predictive value; NR, not reported. 
b Based on reference pathologist. 
c If invasive carcinoma is included. 





Table 4 Results from three population-based screening 


studies with low-dose spiral CT (LDCT) 








No. of individuals 
studied 


Tnre 
positive n 


False 
positive" % 


Predictive 
value % 


Detection rate % 




Age ind. 
yr 


Authors 


LDCT 


X-ray 


Pack-yr 


. Kanekoern/. (129) 
Sonc eial. (130) 
Hcnscbke el ol. (131) 


1369 
•3967 
IWO 


15 
19 
27 


15.6 
5.0 
20.) 


6.6 
8.8 
11.6 


0.43 
0.46-O.5 
.2.7 


0.12 
0.70 


>20 
>30* 
>10' 


>50 
40-74 
>60 



' Defined as individuals with "test-positive," in whom further workup gave no suspicion of malignancy. 
fc The study also included a group of nonsmokers. 
r Average = 45 (not reporicd in the other studies). 



Table 5 Histology, stage, and size of primary lung cancer detected by low- dose spiral CT 





No. of cancers/ 
No. screened 


Histology % ■ 




TNM % 






Size (mm) 


Author 


Adeno* Squam. Other 


1 


11 HI 


IV 


Average 


Range <I0 11-20 >2I 


Kaneko el al. (129) 
Sone ei al. (130) 
Hcnschke ei ul. (131) 


15/1369(1.1%) 
19/5483 (0.3%) 
27/1000(2.7%) 


73 ' 17, 

63 S 32 

67 .3 30 


93 • 

84 

85 


7 

4 1) 


16 


12 
17 


8-18 

6-47 4 14 3 
15 8 4 



" Adeno, adenocarcinoma; Squam.. squamous cell carcinoma; TNM, runior-node-melaslasis. 



cases per 1000 examinations). Surprisingly, there was no dif- 
ference in the detection rale among smokers (0.52%) versus 
nonsmokcts (0.-16%). The results from the ihree population- 
based studies are summarized in Tables 4 and 5. The conclusion 
from these studies is that 85% of the lung cancers detected by 
low-close CT were in .stage I, offering improved possibility for 
curative treatment and belter prognosis in general. However, the 
issue of "false-positive" scans has to be taken into consideration. 
Thus far. up to 20% of the participants with nodules on the scan 
had no malignancy during the follow-up period. The possibility 
that the cancers found represent incidental cancers as in the 
Mayo Lung Project must also be considered (I !4). The results 
from these studies confirm the expectation that low-dose CT 
increases the detection of small noncalcified nodules and, thai 
lung cancer al an earlier and more curable stage are detected. 
The mobile CT sciccning study by Sone ei al (I30) showed that 
low-dose CI increased the likelihood of detection of malignant 
disease 10 times r:s compared with radiography. The overall rale 
of malignant disease was lower in the Japanese studies (129, 
130) compared with the El. CAP study (Kef. 131; detection rales 
0.43-0.-1S% vi'iju.i 2.7%). This could be because the Japanese 
studies screened individuals from the general population ages 



40-74, whereas ELCAP screened people al high risk, ages 260. 
with a tobacco history of al least 10 pack-years. Thus, as 
expected, the risk of the population to be screened affects Ihe 
tate of cancer detecttorr. 

Questions remaining to be answered include: (o) what are 
the diagnostic sensitivity and specificity of this procedure; and 
(fr) does screening reduce lung cancer mortality? The spital CT 
has not been as sensitive for small central cancers as it is for 
small peripheral cancers (129, 131): Minute nodules of lung 
cancer that are near the threshold of (leleciabilily may be over- 
looked at spiral CT screening (132). A prospective study of the 
diagnostic sensitivity of spiral CT h3S recently shown that ihe 
diagnostic sensitivity exceeded the sensitivity of conventional 
CT in previous reports (25). However, there were limitations in 
the deiection ol intrapulmonary nodules smaller than 6 mm and 
of pleural lesions. Compared with surgery (thoracotomy with 
palpation of deflated lung, resection, and histology), the sensi- 
tivity of spiral CT was 60% lor intrapulmonary nodules of < 6 
mm ami 95% for nodules of a 6 mm and was 100% for neo- 
plastic lesions 36 mm. furthermore, a marked diffcicnce in the 
sensitivities of two independent observers was tound fot nod- 
ules smaller than 6 mm, whereas agreement was much bettei lor 
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6-*-IO-mm nodules (25). Given these promising preliminary clin- 
ical results, further research is needed to determine the optimal 
technique for spiral CT screening, which includes collimation, 
• reconstruction interval, pitch, and viewing methods. Decreasing 
the slice thickness to 3 mm, monitoring the viewing of exami- 
nations, and computer-aided diagnosis have been used to im- 
prove the diagnostic capability of spiral CT in the detection of 
pulmonary nodules (133-136). 

Future large scale randomized studies have to confirm 
, whether in. fact spiral CT screening will lead to a reduction in ' 
lung cancer mortality. In a randomized study, the following 
questions arise: (o) what is the optimal high-risk group to study 
and what should be the control arm? (6) what should be the end 
points (goals) of the studies? The ultimate goal is to reduce the 
lung cancer mortality. However, although this is a Iqng-lcrm 
goal, intermediate end points from such studies should be eval- 
uated. The change to more curable stages at diagnosis for the 
lung cancer patients is one such immediate goal; (c) what is the 
optimal workup and the morbidity of this program? (d) what is 
the cost of such a screening program? and (e) what is the 
false-positive rate of the screening findings? Incorporation of 
smoking cessation- programs should be included in the future 
design of screening studies because it has been shown that 
screening with low-dose CT in participants who are still smok- 
ing provides substantial motivation for smoking cessation (137). 

The studies with spiral CT-scan have demonstrated the 
superior diagnostic ability in the detection of small peripherally 
located lumo'rs, most of the malignant ones of adenocarcinoma 
type of histology. The diagnostic sensitivity of spiral CT for 
more centrally located nimors (mostly squamous cell carci- 
noma) is significantly lower than for the peripherally located 
ones. Through these spiral CT studies, we will leam about the 
biology, pathology, and clinical course of these small tumors, 
which might be different from what we know about clinically 
more evident rumors delected routinely in previous studies. 

Because lung cancer is so common, the intioduction of any 
new screening technique in this area has lo be underpinned by 
careful definition of the cosl implications and musi be justified 
by compelling evidence. The cost-effectiveness of ihe spiral 
CT appioach should be assessed by evaluating the rale of 
over-diagnosing iionmalignant, relatively common abnormali- 
ties and comparing CT imagine to other diagnostic technologies. 

PET with FOG has iccemly emerged as a practical and. 
useful imaging modality in the pieopcralive staging of patients 
wiih lung cancer. However, whereas CT is mosl frequently used 
to ptovide addiiional anatomical and morphological information 
about lesions, the FDG PUT imaging provides physiological and 
metabolic information that chaiactcrizes lesions ihai are inde- 
terminate by CT. FDG PET imagine lakes advantage of the 
increased accumulation of FDG in transformed cells and is 
sensitive I -95%) lor Ihe detection of cancer in patients who 
have indeterminate lesions on CT ( 138). The specificity (~ S5%) 
of PE7 imaging is slightly less than its sensitivity because some 
inflammatory pi or esses avidly accumulate FDG. The high nee- 
alive predii'iivr value of PF.T suggests thai lesions considered 
negative on the snulv are benign, biopsv is .not needed, and 
radiographic follow- up is recommended Several studies have 
documented die incicased accmacy of PET compared wiih CT 
in Ihe evaluation ol ihe hilar and mediastinal lymph node stnms 



in patients with lung cancer (138). However, the PET resolution 
is sufficient only for nodules £6 cm and will not be helpful in 
delecting the very small nodules. Compared with low-dose 
spiral CT, the FDG PET scan is more expensive and time 
consuming. The role of PET scan in early diagnosis of lung 
cancer in an asymptomatic high-risk population is not yet eval- 
uated. However, future studies have to include PET evaluation 
to define its role in a population screening setting. 

Conclusion 

Recent advances in molecular biology and pathology have 
led to a better understanding and documentation of morpholog- 
ical changes in the bronchial epithelium before development of 
clinical evident lung carcinomas. Combined with technical de- 
velopments in radiological and bronchoscope techniques, these 
procedures offer great promise in diagnosing lung cancer, far in 
advance of clinical presentation. Any of these individual proce- 
dures could be incorporated inlo the routine management of 
individuals at risk for developing primary or secondary lung 
cancer, and for several of these methods, clinical studies are 
under way. Preliminary reported data are very promising for the 
early detection of lung cancer. Future studies must incorporate 
Ihe different methods in a multidisciplinary scientific setting lo 
evaluate the tole of the individual method in the overall man- 
agement for individuals al high risk for developing lung cancer. 
Several of these tests might diagnose the disease al the stage of 
clonal expansion before invasive carcinoma has developed. A 
management and intervention strategy appropriate lo that stage 
of disease have to be developed. Preliminary smdies of chemo- 
prcvention agents are reported, and new agents based on other 
biological mechanisms are under development and ready for 
clinical trials. It is now time to plan clinical trials that evaluate 
both diagnostic and therapeutic approaches to access theii im- 
pact on the incidence of clinical lung cancer. 
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Liver cells from P 21(Cipl-/-) mice* subjected to partial hepatectomy (PH) progress into 
DNA syntliesis faster than those from wild-type mice. These cells also show a premature 
induction of cyclm E/cychn-dependent kinase (CDK) 2 activity. We studied the 
mechamsms whereby cells lacking p21(Cipl) showed a premature induction of this 

a ^^u?\ th ^ VdS °! CDK2 ' CyCli " E ' «*■ P 27 ^ 1 ) were similar "« ^th wild- 
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pzilUpl-/-) cells also showed a premature translocation of CDC25A from cytoplasm 
m our e 7?\ CUS - ^ eCt0piC ex P ression of P21(CipI) into mice embryo fibroblasts from 
p21(Gi P -/-) i m.cedecreased the levels of CDC25A and delayed its nuclear translocation. 
The levels of CDC25A messenger RNA in p21(Ci P l-/-) cells were higher than in wild- 
type cells, suggqstmg that this increase might be responsible, at least in part, for the high 
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pzl(Cipl) regulates the levels and the intracellular localization of CDC25A We also 
found a good correlation between CDC25A nuclear translocation and cyclin E/CDK2 
activation. In conclusion, premature translocation of CDC25A to the nucleus mightbe 
involved m the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p21(Cipl). 
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Abstract 

■To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we investigated mRNA expression lev- 
els of several human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
Imatched) normal tissue samples,. using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in 8 of 11 renal carcinoma sam- 
ples whilst Fzd8 mRNA was increased in 7 of 11 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that Fzd5 protein expres- 
sion in the'matched tumor/normal kidney samples corre- 
lated with lhe observed mRNA level. Wnt/R-catenin sig- 
naling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, Fzd5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
F2d5 membrane siaining.was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cycliri Dl staining in ihe samples. Our data sug- 
gested lhat altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation of the Wnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as 3 bibmarker. 

: — copyri9h10200Js.KirBirAG.Rpsd 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell Tate [J, 2 J. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3]. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a cell surface receptor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-Iipoprotein receptor-related protein (LRP)5 
or LRP6 [A, 5]. A detailed characterization of the Fzds. 
and the immediate downstream events after Wnt binding 
has been hampered by the lack of pure biologically active 
Wnis. 

Downstream of the receptor complex, three pathways 
may be initiated, depending on the composition of the 
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ligand and receptor complex. The 'Wnt/fJ-catenin path- 
way', the "Wnt/Ca 2 * pathway' or the Wnt polarity path- 
way' [6J. The Writ/0-caie'nin pathway has been iinked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, APC, axin and (J- 
catenin)can result in the accumulation of non-phosphory- 
lated P-catenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 3+ pathway nor the Wnt 
polarity pathway involves the activation of P-catenin [for 
review, see ref. 1, 6J. 

Mutations in one of the three regulatory genes (APC, 
p-catenin and axih), overexpression of Wnts and Fzds or 
the expression of a const it u lively active Fzd have been 
linked to Wnt/fj-catenin pathway activation in various 
tumors (8, 9]. 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated mRNA expression levels of several hu- 
man Fzds(Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30 differ 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresponding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
mRNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 
membrane staining in 30% of clear cell carcinomas, with 
nuclear cyclin Dl showing a strong correlation with the 
Fzd5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the lack of suit able reagents. 
These data suggest" that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overexpression ob- 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



Materials and Methods 

Tissiie Samples 

Fro2cn tumor tissue samples wiih corresponding normal lissue 
from the same patient were derived either from human biopsv or 
autopsy material (Department orPathologv, University or Antwerp; 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kept at -S0*C until use. Frozen 
sections of kidney tumor and normal tissue samples were stained 
with ncmaloxylin-eosin to support the pathologist's observations and 
.to confirm ihe typeorkidney tumor. Paraffin-embedded tissue slides 
or renal carcinoma, lung carcinoma, breast and colon carcinoma 
were obtained, after encryption, from the Department of Paihologv 
(Middelherm Hospital. Antwerp. Belgium). The CD human kidnev 
cancer (SuperBioChips Laboratories) tissue arrav used in this study 
conta.ned 59 lissue samples consisting or 9 normal kidnev tissues. 
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• 30elearcell ren3lcarcinomasamp)csandanolher20'renaleell tumor' 
types (chromophil, chromophobe, papillary type, collecting duct car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 
Total RNA was extracted from tissue specimens using Ultraspec 
Reagent {Biotccx. USA) according to the manufacturer's instruc- 
tions. All total RNA was routinely treated with DNase (DNA-free kit, 
Ambion, USA). 1 ug or total RNA was used to synthesize cDNA 
using o)igo-dT primers (Superscript; Inviirogtn, Merelbeke. Bel- 
gium). Reverse transcription was performed at 42 'C for 60 min, fol- 
lowed by 70" Cfor lOmin. 

Real-Time PCR. 

Real-time PCR was performed on either an ABJ Prism 7700 or 
7900 Sequence detection system (Perkin-Bmer Applied Biosyslems, 
Foster City, Calif., USA) using the 5' nuclease assay (Taqman™)- " 
Primer and probe sequences were designed using Primer Express (PE 
Applied Biosyslems) and are shown in table I. Quantitative values 
were obtained from the threshold cycle number (Ct) at which the 
increase in the signal associated with exponential growth or PCR 
products is detected using PE Biosyslems analysis sohware, accord- 
ing lb Ihe manufacturer's instructions. • 

We have used ihc2- Afl ci method to analyze ihe relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal tissue samples. We used the mitochondrial ATP . 
synthase 6{ATPsy6)as the endogenous RNA control pO-.Janssensct 
a!., in prep.), and each sample was normalized to its ATPsy6 content. 
The relative expression or the target gene was also normalized to the 
• corresponding normal lissue sample (calibrator). Results, expressed . 
as the amount or target sample relative lo the ATPsy6 gene and the 
■ calibrator, were determined as' follows, N = 2-' a OM>»pk- aocaiibmort 
where the ACl values ofihe sample and calibrator were determined 
by subtracting the average Ct value or the sample and the calibrator 
Trom the average Cl value or the ATPsy6 gene. Amplification was 
done essentially as described previously (1 0J. Briefly, 50 ul or reac- 
tion mixture containing 1 pi of C0NA template were amplified as 
follows: incubation at 50'C for 2 min, denaturation at 95"C for 
lOmin, and 50 cycles at 95'Cfor 15 s and 60*C for 1 rain. 

Membrane Preparation. Gel Electrophoresis and Jmmunoblotting 
Tissue samples were weighed, suspended at a 40 times dilution 
J= 40 volumes/original wet weight of lissue (v/w)J hi 50 mM Tris- 
HCl buffer , pH 7.4, and homogenized with an Ullra-Turrax homoge- 
nizes After cemrifugaiion for 10rnin.24 > 000$at4*C. the pellet was 
washed three times by resuspension in the Tris-HCl bulTer followed . 
by cemrifugaiion. The final membrane pellets were: stored at -80*C • 
in Ibe Tris-HCl buffer at a concentration or 0.5- 1 mg/ml. The Brad- 
ford protein assay (Pierce, Aalst, Belgium) was used for protein deter- 
mination. Proteins (50 ug) were separated. by 8% SDS-PAGE and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the antigen-arilibody-peroxidase complex 
was detected by chemiluminescence (Pierce, Aalst, Belgium) accord- 
ing lo the manufacturer's instructions. 

lmmitnohisiochemisiry 

Imrnunohislochemislry was performed on 10-pAMhick crvosec- 
tions of unfixed tumor lissue and on 6-n;Vf-thick paraffin sections 
from renal tumor lissue fixed by formalin or by an alcohol-based fixa- 
live. Adjaceni lissue blocks from renal tumors were processed with 
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Table 1. Real-lime PCR primer and probe sequences 



Target cDNA ' Primer/probe sequences' 


Fragment 
position 1 ' 


Accession 
No.' 


FZD2 


(a) 5'-atcccgtgcccggc-3' 

(b) 3*-gi3Ulgaicatglagaccgtgaagic-3' 

(c) 5'-FAM-tacacgccgcgcatgIcgc-TAMRA-3' 


1,548-1,613 


AB017364 

♦ 


FZD3 


(a) 5'-tcacgccaglgcatggg-3' 

(b) 5'-tiglcaccltcaatttlaltcatcg-3' 

(c) 5'.FAM<aiccccggaaclclaaccaicatcclltl-TA.MRA-3' 


1,473-1547 


. ABD39723 


. FZD3 


(a) 5'-tgccaaggicactlccglit-3' 

(b) 5'-tclccaaglcgccgcg-3' 

(c) 5VFAM-ccllcalggi£clgltgccccc-TAMRA-3.' 


2,143-2,204 


HSU43318 


FZD6 


(a)5'-ctagcacccccaggllaagagaa-3' 
• (b) 5'-cccagagagtclgg?galggal-3' 

(c) 5'-FAM-tgiggtgaacclgcctcgccag-TAMRA-3* 


2.094-2,170 


AF072873 ■ 


FZD7 


(a) 5'-cctgtggaaaggcataaclgtg-3* 

(b) 5'-aaccaacgggaaaccicaga-3' 

(c) 5'-FAM-aagcaaci,ltt3taggeaaagcagcgcaa-TAMRA-3' 


2,687-2,762 


AB017365 


F2D8 


(a) 5'-lglggtcggigclclgcU-3' 

(b) 5'-cgclccalglcgaiaaggaag-3' 

(c) 3'-FAM-ccacct!cgccaccgtc!cca-TAMRA-3' 


853-919 


AB043703 


F2D9 


(a) 5'-ccccgggagciacggac-3' : 

(b) 5-taglcatgtgcaagaccacgg-3' . 

(c) 5'-FAM-tggcacgcactgccactataaggcl-TAMRA-3' .. . 


1,696-1,763 


HSU82I69 


ATPsy6 


(a) 5'-ggtglaggtgtgccligtggi-3' 

(b) 5'-gggcgcaglgatlalaggclt-3' 

(c) 5'-FAM-aagigggclagggcaltllt33lcttagagcg-TAivlRA-3' 


. 580-503 


AF36827I 


c-myc 


(a) 5'-accaccagcagcgaciclga-3' 

(b) 5'-lccagcagaagglgaiccagacl-3' 

(c) 5'-FAM-acctlilgccaggagccigcctci-TAMRA-3' 


1.297-1,413 


HSMYCI 


Cyclin Dl 


(a) 5'-gaacctggccgcaalgac-3'- 

(b) 5'-cgcctciggcaitiigga-3* 

(c) 5*-FAM-ccgcacgalltcattgaacacll-TAMRA-3' 


4,148-4,211. 


AF51 1593 


PPAR5 


(a) 5'-agcalccicaccggcaaa-3' 

(b) 5'-glcicg3igic£iggaicaca-3' 

(c) 5'-FAM-ccagccacacggcgcccl-TAMRA-3' 


932-990 


NM-006238 . 


' (a) = Sense primer, <b) = antisense primer; (c) = probe. 

<■ Fragment posit ions are given according lo the EM BUGenBank accession No. of doncd sequence. 
* EMBLVGenBank accession No. of cloned sequence. 



formalin and with the alcohol-based fixative. Para/Tin and cryoscc- 
tions were mounted on poly-L-lysine or 3-aminopropyltrielhoxys>- 
lanc-gelalin-coatcd slides. The 59 tissue samples on the CLI human 
renal cancer tissue array, slides were, all fixed with formalin and 
embedded in paraffin, and the sections were mounted on silanc- 
coatcd slides (SupcrBioChips Laboratories). In addition to renal car- 
cinoma tissue, sections from 10 formalin-fixed paraffin-embedded 
lung carcinomas were stained for Fzd5. Colon and breast tumors 



were used as positive controls for B-catenin and cyclin Dl immuno- 
slaining. 

. The following primary antibodies were used: Fzd5 (Upstate Bio- 
technology). B-catenin (Zymcd), cyclin Dl (Zymed). E^cadherin 
(Novacostra) and cyiokeralin 8 (Biogenex). Cryoseclions were fixed 
in 4% paraformaldehyde for 5 min; acetone Ibi 5 min at -20*C and 
70% cthanol' for 5 inin. Endogenous peroxidase activity was 
quenched using3% H;Oj. Paraffin sections of formalin- and alcoho|- 
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Table 2. Fzd mRN'A expression in tumor samples 



Sample 5 Tissue 



Tumor type 



.vfold expression increase 1 ' 



FZD2 



FZD3 



FZD5 



F2D6 F2D7 FZD8 . FZP9 



133702 kidney adenocarcinoma 0.17 

137770 kidney renal celj carcinoma \23 

138844 kidney renal cell carcinoma 0.31 

137146 kidney renal cell carcinoma 0.47 

137564 kidney . renal cell carcinoma . 3.43 

.133408 kidney renal celj carcinoma 23.97 

139188- kidney renal cell carcinoma 3.7 

135699- kidney renal cell carcinoma 2.6 • 

139064 kidney . renal cell carcinoma JJ6 

J34585 kidney renal cell carcinoma I.47 

140279 kidney renal cell carcinoma 7.33 



0.5 
336 
0.11 
0.45 
2.95 
0.98 
0.56 
0.36 
1.82 
0.72 
18.17 



3.72 

826 

6.84 

3.16 

9.6 

6.39 

0.66 

4.83 

1.25 

1.38 

3.93 



2.13 

2.6 1 

1.18 

2.23 

1.57 

2.48 

1.33- 

6.9 

2.36 

0.47 

6.05 



0.06 

1.3 

0.23 

0.73 

7.6V 

5.05 

0.37 

0.34 

1.8 

0.09 . 
6.41 . 



1.32 
811 
3.18 
4.42 
3.52 

16.72 
4.41 

2.54 

2.19 

0:6 

4.65 



5.44 

2.8 

1.37 



1.53 
2.31 
2.85 

7.91 



137252 
138256 
146472" 



ovary 
ovary 
ovarv 



carcinosarcoma • 0.4 3J9 0.49 

papillary carcinoma 0.7 5.17 1.22 

serous papillary carcinoma - 0.39 3.29 2.56 



0.44 
2.19 
1.34 



0.92 

0:4 

3.94 



0.54- 

0.11 

0.67 



0J3 



0.59 



145845 
146145 
146630 
146633 
147055 



colon 
colon 
colon 
colon 
colon 



adenocarcinoma 
adenocarcinoma . 
adenocarcinoma 
adenocarcinoma 
adenocarcinoma 



3.45. 

5.46 

4.01 

1.87 

0.66 



3.36 
6.74 
4.73 
1.07 
1.41 



0.58 

4.42 

0.3 

1.62 

1.01 



1^2 
6.57 
1.16 
1.47 
1.33 



1.67 
336 
0.54 
0.51 
0.24 



1.24 

6.08 
0.55 
2.07 
.0.79 . 



1.99 
0.15 
0.12 

4.87 



142253 lung adenocarcinoma. 0.67 

143036 lung adenocarcinoma 0.67 

.138938 . lung. adenocarcinoma 0.93 

133563 Jung adenocarcinoma 2.76 

144387 lung ;-. adenocarcinoma I2.S5 

137304 lung acinary adenocarcinoma 0 54 . 

144546 lung epithelial carcinoma 0.1 

137621 lung epithelial carcinoma |.52 

145552 ■ lung epithelial carcinoma |.09 



5.17 

1.24 

0.88 

1.23 

0.43 

9.15 

0.67 

2.19 



0.43 
2.63 
1.07 
0.31 
0.49- 
1.65 
0.21 
.0.37 
0.16 



. 1.87 
1.13 
1.3 
1.34 
0.25 
.1.25 
8.11 
2.26 
0.91 



0.33 

1.11 

1.73 

0.99 

2.73 

0.63 

0.27 

0.52 

1.47 



143987 testis embryonal carcinoma 0.24 0.6 19.43 

137332 stomach leiomyoma jpj. o 45 

139026 stroma gastrointestinal carcinoma 66.1 3.51 0.03 

136049 rectum adenocarcinoma . j.7j 0.52 0.4 

140794 gallbladder adenosquamous carcinoma 0.19 - 0.93 



0.59 

1.04 

0.38 

0.78 

0.54 

3.41 

0.97 

0.45 

0.13 



1-33 
1.53 
6.67 
0.54 
3.02 



23.12 
18.98 
8.44 
0.29 
0.2 



2.43 
32.82 
2.28 
0.88 



0.41 
9.19 
0.76 
4.97 

2.64 
1.32 
1.06 
0.5 



0.33 
16.7 
20.82 

02% 



• Sample identification numbers were given by the pathologist. . • ~ 

Results are expressed as x-lbld increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
norma^ng both samples on the basis of their. ATPsy6 content. A cutoff of 3-fold was used to define dilwXSn igj Jican 



facd tissue were processed with a irypsin-ciiraieVmicrowave pre- 
treatment or with an EDTA-microwave pretreaimcnl to unmask epi- 
topes, respectively. Sections were then sequentially processed with 
primary antibodies, biptinylaied secondarv antibodies and slreptav- 
>dm-b ( oiin-pero*idase (Fzd5. E-cadherin and cvtokeratin 8) For 0- 
caienm. polyclonal rabbit antibody with the En Vision detection sys- 
tem (DAKO) was used. The slides were further developed using" 3- 
amino-9-elhylcarbazole. counlcrstained with hcmalaun and mount- 



ed with glycerin gelatin. .Stained sections were observed with an 
Aaioplan 2 microscope equipped With an Axiocam digital camera. 
Staining intensity for p-catenin was scored as no staining (value 0), 
weak and fragmentary staining or cell membranes (value 1), moder- 
ate membrane staining of less than 50% of the tumor cells (value-2). 
moderate membrane staining of more than 50% oflumor cells (value 
3) and strong membrane staining of more than 75% or tumor cells 
(value 4). The cyclin Dl staining was quantified as a percentage of 
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Fig. 1. Fzd5 protein. expression in matched 
tumor/normal kidney samples. T = Tumor 
sample; N = matched normal sample. Sam- 
ple identification numbers are given by the. 
pathologist. 



133702 137770 139844 137146 137564 133408 

T N T N T.NT'N T N T 

•.ne - 



N. 




F2d5 



S» -*- Actin 



139188 135699 139064 134585 140279 

T T N T N T N T N 




Fits 



cyclin Dl-immunoreaciive nuclei in tumor cells in three fields (area: 
1 8,64 1 urn') of each tumor sample: The to;ai'number of tumor nuclei 
ranged from 51 lo 164. The correlation between FzdS and P-caienin 
staining and between FzdJ and cyclin Dt staining was evaluated by 
the Mann-Whitney U lest. . 



sion level was observed to be relatively low in these lung 
tissues compared to the other tissues investigated. 



Results 

Fid mRNA Expression in Matched Human 

Tumor/Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
drial ATPsy6 (table 2). A 3-fold increase was considered 
significant. . 

In the kidney lumor samples, in which 10 of 1 1 sam- 
ples were clear cell carcinomas, Fzd5 was upregulated in 8 
of the 1 1 samples. A similar observation was made for 
Fzd8 and Fzd2, which were upregulated in 7 and 5 renal 
tumor samples, respectively. None of the other Fzds 
showed consistent upregulation. 

Both Fzd2 and Fzd3 were upregulated in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. Fzd3 showed an increased expression in a)J 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



Weslern Blot and Immunohisiochemistry Analysis on 
Renal Carcinomas 

Western blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2), Fzd5 .mRNA 
upregulation was detected in 8 of the 1 1 matched tumor/ 
normal samples. Increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of 11 samples 
(fig. J). In most cases, concomitant increases in FzdS 
mRNA and protein levels were observed. 

.Hematoxylin-eosin staining of the Cryoseclioned' tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd5 immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
nuclei. Cytokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was less intense and patchy com- 
pared to epithelial cells of normal renal tissue. JJ-Caienin 
staining was confined to the cell membrane. 0-Catenin 
levels in the clear cell carcinoma membranes were highly 
variable. Nuclear 0-catenin staining was not observed in 
any of the samples. Epithelial cells in normal renal tissue 
showed intense membrane staining and some cytoplasmic 
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Staining. In addition, weak p-catenin staining of endothe- 
lial cells was observed. A high number of cyclin Dl- 

. immunoreactive nuclei was observed in clearcell carcino- 

. ma (fig. 21). 

On the CL1 human kidney cancer tissue array, 30% 
(n = 9) of the clear cell carcinoma tumor samples (n = 30) 
showed Fzd5 immunoreactivity (fig. 3a). Membrane-as- 
sociated p-catenin staining was observed in 33% of the 
Fzd5-p6sili.ve lumor samples and 57% of Fzd5-negat ive 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
Again, nuclear P-catenin staining was never observed. 
Statistical analysis did not reveal a difference in. the 
expression of P-catenin between Fzd5-posilive and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin D) was observed in.89% of the Fzd5- 
positive clear cell carcinoma samples (table 3; fig. 3e). 
Only 38% of the Fzd5-negative clear cell carcinoma sam- 
ples, contained nuclear cyclin Dl . Statistical analysis 
showed a significantly higher cyclin Dl expression in 
Fzd5-positive compared to Fzd5-negative tumor samples 
(fig. 4b). 



Expression of PPAR5 was investigated because it repre- 
sents a direct target of the P-catenin pathway with T cell 
ractor binding sites in its promoter. Expression of c-myc 
was found lo be upregulated in 7 or 11, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (ta- 
ble 4). PPAR5 was upregulated in 9 cases. AH three select- 
ed target genes showed a marked upregulatj'on in . the 
majority of renal tumors, which suggested that the Wnt/ 
p-catenin pathway was activated in these samples; 



Discussion 



c-myc; Cyclin Dl and Peroxisome 
Proliferator-Actiyated Receptor S£xpression in Renal 
Carcinomas 

Wnt/p-catenin.pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin Dl and peroxisome 
proliferator-activated receptor 5 (PPAR5) was analyzed. 
Increased expression of boih c-myc and cyclin Dl genes 
have been implicated in cell proliferation, and carcino- 
genesis, and Ihey represent two of the more important and 
closely studied target genes of the Wnt signaling pathway. 



Fig. 2. Disiribulion of Fzd3 (a, b), cylokeralin 8 (c), E-cadherin (d) 
and P-catenin (.) immunoreaciiviiy in paraffin sections from 3 renal 
lumor processed by an alcohol fixative. From the same tumor, a fo^ 
malm-fixed block was used Tor cycJin Dl immunostaining (f). FzdS 
•mmunosiaining shows distinct immunoreaciiviiy in cell membranes 
and in nuclei of clear cell renal carcinoma. Clear.cells are immunore- 
act.ve for cyloJceratin 8. P-Catenin and E-cadherin Staining of mem- 
branes is rather weak, and.nol uniform, in clear cell renal carcinoma. 
Nuclear P-calenin immunoreaciiviiy was not observed. In clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreaciiviiy 
Tnemsei in) shows a detailed vicwof the cyclin Dl labeling of nuclei 
in dear eel) renal carcinoma. 



Fzd family member overexpression has been postu- 
lated lo play key roles in different tumor types such as 
esophageal carcinoma [11], gastric cancer [12] and head 
and neck squamous, cell carcinoma [13], The current 
study evaluated the potential implication of Fzds as 
tumor-associated antigens in different tumor types. We 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using real-time 
quantitative PCR ; . 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched norma] 
kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5 
colon adenocarcinoma samples. Fzd3 was also upregu- 
lated in the ovarian tumor tissue samples compared to the 
matched normal tissue samples. None or the other Fzds 
evaluated showed a specific differential expression pat- . 
tern in any of the samples studied. Fzd5 and Fzd 8 show 
.69.1 %similarily and belong to the same subgroup of Fzds 
[14]. The significantly higher expression of Fzd5 and 
Fzd8 in the renal tumor samples, as compared to the nor- 
mal renal samples, suggests a higher probability that this . 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- " 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western Wotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. Jn order to be able to determine the FzdSexpres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importanily, mem- 
brane staining was not detected in the matched 9 normal 
kidney tissue samples. 

Since the Wnt signaling pathway appears to play an 
important role in embryonic development, in particular 
embryonic kidney induction [15, 16], activation of this 
pathway in the adult kidney due to mutation or overex- 
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Table 3. Correlation between Fzd5 and 
p^catenin or cyclin Dl expression 



ft-Cateriin-f 
p^Caiehin- 
Cyclin Dl + 
Cyclin Dl - 



33 
.67 
89 
II 



57 
43 
38 
62 



pression or one of the components or the pa ,hwav could 
be a Determining factor in the development of renal can- 
cers Therefore, several studies have looked into the possi- 
ble function the Wnt/p-catenin pathway plays i„ \tml 
carcinogenesis. AFC gene mutations have been demon- 
slrated not to be involved in renal carcinoma [17, 18J In 
addition, 0-caienin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation 
ol J5-catenm has been reported in a number of renal cell 
carcinomas flPJ, and thus the Wnt signaling pathway 



Table 4. Wnl/0<attnin largel gene rnRNA 



expression in luraor samples 



Sample Tissue 



Tumor type 



133702 

137770 

138844 

137146 

J 37564 

133408 

139188 

135699 

J39064 

134585 

140279 



kidney adenocarcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

. kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 

kidney renal cell carcinoma 



x-fold express ion increase b 
c-myc cyclin Dl pp A R 5 



0.54 
J3.9 . 
2.39 
7.62 
33.82 
7.8 
2.22 
12.18 
22.11 
1.79 
61.68 



4.52 


0.52 


28.91 


5.53 


31.49 


. 7.48 


15.38 


3.15 , 


19.65 


8.65 


8.92' 


4.86 


9.92 


11.67 


22.73 


5.53 . 


5.04 


. 6.33 


1.14 


1.67 


54.95 


14.62 




Fjd5- 



Sample .dcntifica.ion numbers were given by ,be pathologist. 

Results are expressed as x-fold increase o^ . 
lo its matched normal tissue sample after nnZ i • J ° f " SSUe sam P ,e Spared 

ATPsy6 content. A cutoff o S 1^ used T d' r" 8 ^ Samp ' eS ° n ,hf bas » * 
^-ases^ 



b 60 










— " p < 0,01 A 
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. ^i r At:Z: rcna, -inoma tissue 

show an overview of each .umor sec fo^on he selnt ^ ^ ' 5 " ' nse,s 

live clear cell renal carcinoma (a)of th^umo! s^lT ""^ ^ Fzd5 ->" m ™»°™c- 
nostaining for cyclin Di (e ) dLcts dis nc 7 S or P 0 '" 1 "" 5 ^>«>»> «)■ 
The right column of images is *ke» from se iaSn^r " ** Ca ' cino ™- 
"rcinoma from this tumor sample does nc T^^u^"™* 45 -**'**'"* 
distinct membrane p-ca.enin staining ( d) MPre5SF2d5(b > andc Klin Dl (f)bu. does show 



F»9. 4. Box plot charts (thick black line = 
median) illustrating the relationship be- 
tween Fzd5 immunosiaining and 0-catenin 
(») and cyclin Dl (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed bet ween the fj<a lenin scores of 
Fzd5-po5.live and -negative clear cell renal 
carcinoma. Nuclear cyclin. Dl staining in 
clear cell renal carcinoma showed a signifi- 
cant. di/Iercoce between F2d5-positive and 
FzdS-negalive tumor samples. 
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might act as an inducer of tu'morigenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnl signaling pathway has been reported in 
renal-cancer-derived cell lines. Zanget al. [21] observed a 
higher expression level of Wnl 5a and Fzd5 mRNA in the 
renal cancer cell line GRC-1 than in the normal renal cell 
line HK-2. Expression of P-catenin was also higher in 
GRC-1 than in HK-2. 

To determine the status of the canonical Wnt signaling 
pathway in our renal carcinoma samples, we have quanti- 
tated the mRNA levels of three important target genes of 
T cell factor/lymphoid enhancer factor activation by 
P-catenin. The mRNA levels of these three target genes 
(c-jnyc, cyclin Dl and PPAR 8) correlated largely with the 
"expression, of Fzd5 in these samples, suggesting that the 
. canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with the Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently, overex- 
pressed in various tumors, but in only a proportion of the 
cases is it due to amplification of the cyclin Dl gene [22 J. 
Therefore, other mechanisms such as upregulaliort of gene 
. transcription may play a substantial role in the overex- 
pression of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results ofStassar et al. [27J. They 
studied genes that are associated with human renal carci- 
noma by suppression subtractiye hybridization and re- 
ported 14 differentially expressed genes, including cyclin 
Dl. Although we would have expected an increased nu- 
clear f^catenin staining, nuclear accumulation of p-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et al. [i9J. They did not 
detect nuclear p-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear P-catenin staining 
has also been reported by others in tumors that might 
have arisen from Wnl/P-catenin pathway activation [28- 
31]. 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the Xenopuz head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32]. Fzd5 does not activate the p-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our results.suggest that Fzd5 may . 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect, on p-catenin signaling; However, in the 
presence of its endogenous still unknown ligand, it acti T 
vales the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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Immunohistochcmical analysis of NY-ESO-1 antigen expression in normal 
and malignant human tissues. 

Jungbhith AA . Chen YT , Stockert E . Busam KJ . Kolb P. Iversen K , Coplan K . 
WiHiamson B , Altorki N. Old LJ. 

Ludwig Institute for Cancer Research, Memorial Sloan-Kettering Cancer Center, New 
York, NY, USA. jungblua@mskcc.org 

NY-ESO-1, a member of the CT (cancer/testis) family of antigens, is expressed in normal 
" testis and in a range of human tumor types. Knowledge of NY-ESO-1 expression has 
depended on RT-PCR detection of mRNAand there is a need for detecting N Y-ESO- l at 
the protein level. In the present study, a method for the immunochemical detection of 
NY-ESO-1 in paraffin-embedded tissues has been developed and used to define the 
expression pattern of NY-ESO-1 in normal tissues and in a panel of human tumors. No 
normal tissue other than testis showed NY-ESO-1 reactivity, and expression in testis was. 
restricted to germ cells particularly spermatogonia. In human tumors, the frequency of 
NY-ESO-l antigen expression corresponds with past analysis of NY-ESO-1 mRNA 
expression e.g., 20-30% of lung cancers, bladder cancers and melanoma, and no 
expression in colon and renal cancer. Co-typing of NY-ESO-1 antigen and mRNA 
expression in a large panel of lung cancers showed a good correlation. There is great 
variability in NY-ESO-1 expression in individual tumors, ranging from an infrequent 
homogeneous pattern of staining to highly heterogeneous antigen expression. Copyright 
2001 Wiley-Liss, Inc. 
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Multidrug resistance pUosphoglycoprotein (ABCBl) iu the mouse 
placenta: fetal protection. 

Kalabis GM , Kos_t_aki A, Andrews MfT Petropoulos S. Gibb W. Matthews SG . 

Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCB1) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocort.coids. ABCB 1 is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtually nothing is 
known about its regulation. In the mouse, two genes, Abcbla and Abcblb, encode 
ABCBl. We hypothesized that there are changes in placental Abcbla and Abcblb gene 
expression and ABCB1 protein levels during pregnancy. Using in situ hybridization we 
demonstrated that Abcblb mRNA is the predominant placental isoform and that there are 
profound gestational changes in the expression of both Abcbla and Abcblb mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9 5 and 19 
(term approximately 19.5d). Abcblb mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at E12.5, and then progressively decreased 
toward term (P < 0.0001). Abcbla mRNA, although lower than that of Abcblb at 
midgestation, paralleled changes in Abcblb mRNA. Changes in Abcbl mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA 'in 
conclusion, there are dramatic decreases in Abcbla and Abcblb mRNA and in ABCB1 at 
the maternal-fetal interface over the second half of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics and natural steroids 
m the maternal circulation! 
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Expression of human telomerase reverse transcriptase gene and protein 
and of estrogen and progesterone receptors, in breast tumors: Preliminary 
data from neo-adjuvant chemotherapy. 

fmEi-M. fcunuyamaN, Hashimoto M, NgkajmiraK, Okano T Kurabavashi R 
NaokLa HtomtyLN jvurabayashi R , 

di^mlajp y °' Bunky °- ku ' Tok y° 1 13 " 8655 . ^Pan- kanmori- 

Human telomerase reverse transcriptase (hTERT), the catalytic subunit of telomerase is 
very closely associated with telomerase activity. TelomerasV has been imnlLted in 
ceUular. immortalization and carcinogenesis, in situ detection of hTERT will aid in 
de termmmg the localization of telomerase-positive cells. The aim of tins study was to 
detect expression of hTERT mRNA, hTERT protein, estrogen receptor (ER) LT 
progesterone receptor (PR) in paraffin-embedded breast tissue samples and investigate 
me rela lonsh.p between hTERT expression and various clinicopathological parame !rs 
m breast tumongenes.s. We used in situ hybridizat,on(ISH) to examine fhTERT geae 
cxpressron, and immunohistochemistry (IHC) to examine expression of hTERT protein 

, m t,SSUCS ' nC,Uding 64 Carcinomas, 2 phyllode tumors and hei'r 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in ttfSS) 

d~byIHcTnT^ 

detected by IHC m 52 (81%) carcmpmas, but in neither of the 2 phyllode tumors 
Moreover ER and PR were expressed in 42 (66%) and 42 (66% FcLn^T 
respectively, and ,n neither of the 2 phyllode tumors. In 4 cases of brea^cclrcinoma that 
singly expressed hTERT gene and protein before treatment, neo-ad^vant 
chemo^erapy led to disappearance of gene and protein expression in all cases There was 

IT/I 00 ?™™ bCtWeen deteCti ° n of h ™ gene expression by ISH and of hTERT 
protem by ICH m tissue specimens from breast tumors. These results suggest that 

potential diagnostic and therapeutic marker. 
PMID: 1621 1220 [PubMed - in process] 
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Abstract. Human telomerase reverse transcriptase (hTERT), 
the catalytic subunit of telomerase, is very closely associated 
with telomerase activity. Telomerase has been implicated in 
cellular immortalization and carcinogenesis. In sim detection of 
hTERT will aid in determining the localization of telomerase- 
positive cells. The aim of this study was to detect expression of 
hTERT mRNA, bTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue 
samples and to investigate the relationship between hTERT 
expression and various cjinicopathological parameters in breast 
rumorigenesis. We used in situ hybridization (1SH) to examine 
hTERT gene expression, and irruTiunohistochcmistry (IHC) to 
examine'expression of hTERT protein, ER and PR. in breast 
tissues including 64 adenocarcinomas. 2 phyllode tumors and 
their adjacent normal breast tissues. hTERT gene expression 
was detected by 1SH in 56 (88%) carcinomas, but in neither 
or the 2 phyllode tumors. hTERT protein expression was 
detected by IHC in 52 (81%) carcinomas, but in neither of 
the 2 phyllode rumors. Moreover. ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, respectively, and in 
neither of the 2 phyllode rumors. In 4 cases of breast carcinoma 
that strongly expressed hTERT gene and protein before 
treatment, neo adjuvant chemotherapy led to disappearance of 
gene and protein expression in all cases. There was a strong 
conelation between detection of hTERT gene expression by 
1SH and of hTERT protein by )CH in tissue specimens from 
breast tumors. These tesulis suggest that detection of hTERT 
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protein by 1CH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 

Introduction 

Breast cancer is the most frequent malignancy in women, 
affecting up to one in every eight females worldwide. The 
most important cUnicopathoIogical prognostic parameter so 
far identified is the absence or presence of lymph node 
metastasis, but the identification of further parameters for 
both lymph node-positive and -negative patients would 
facilitate an individually based risk-directed therapy (0- A 
promising emerging molecular marker is telomerase. a 
ribonuclcoprotein enzyme complex, which when activated 
or upregulated allows tumor cells to escape from cellular 
senescence and to proliferate indefinitely (2). The human 
telomere is a simple repeat sequence of six bases (TTAGGG) 
that is located at the ends of each chromosome (3). Telomeres 
are believed to protect against degeneration, reconstruction, 
fusion, and loss (4) and to promote. the homologous pairing 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of telomeres 
and may be partly responsible for the genetic instability 
associated with tumotigenesis. Telomerase catalyzes the 
synthesis of telomere DNA and facilitates cell immortalization 
through the stabilization of chromosomal structure (6-8). 
Although the expression of the human RNA component of 
telomerase (hTERC) is widespread, the restricted expression 
pattern of the mRNA of hTERT. the human telomerase 
catalytic subunit gene, is correlated with telomerase activity 
(8-13). As telomerase activity seems to be the key player in 
tumor cell immortality, it has importance as a target molecule 
for anti-cancer therapy. Telomerase activity has been shown 
to correlate with poor clinical outcome in neuroblastomas 
and other tumors (14). For breast cancer, however, telomerase 
activity is a controversial prognostic marker: some studies 
suggest that iclomerasc activity . clinicopathological parameters 
and disease outcome are linked, whereas others do not find 
this association (14-23). 
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We have succeeded in very clearly and sensitively demon- 
strating hTERT mRNA iir thyroid, colorectal, parathyroid 
and lung tissues by use of an oligonucleotide probe (13,24-26). 
Strong correlation has been observed between hTERT mRNA 
and/or protein expression and telornerase in a variety of 
malignant tumors (13.14,24.25.27,28). In the present study, 
we used 1SH to examine expression of the hTERT gene, and 
1HC to examine expression of hTERT protein, ER and PR, in 
64 carcinomas and 2 phyllodes rumors of breast to determine 
whether hTERT protein can be used to differentiate breast 
cancers. Wc also analyzed hTERT mRNA and protein 
expression with special reference to clinical features and 
histological findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast rumors has not previously been analysed by 1SH or IHG. 
our investigation also examined various clinicopathological 
parameters, including age, histopatbpJogical.rype, tumor size, 
lymph node status, relapses, and the expression of ER and PR. 

' Materials and methods . 

Tissue collection. Sixty-six samples were obtained during 66 
mastectomies: 64 breast carcinomas, 2 phyllodes tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before neo-adjuvant therapy, and again during mastectomies 
afier neo-adjuvant therapy; for these cases, all measurements 
and examinations were performed both before and after the 
neo-adjuvam therapy. The patients ranged in age from 32 lb 
90 years. The patients with carcinomas ranged in age from 37 
to 90, mean 56, years and were all women. The women with 
phyllode tumors were aged 32 and 38 years, respectively. 
The surgical and CNB tissue samples were frozen rapidly 
wiih liquid nitrogen and stored at -80'C until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collected from the patients after obtaining their informed 
consent, and the study protocol was approved by the Medical 
Department of the University of Tokyo Ethics Committee. 
The pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of hematoxylin-cosin stained slides. A 
pathological review was performed for all breast tumors 
according to the BRE score. pT and pN staging were assigned 
according to the 1997 WHO classification (7th edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research. Institute of 
Development. Aging and Cancer. Tohoku University, were 
used as positive controls. The cells were incubated in RPM1- 
1640 medium with 25 mM HEPES buffer. L-glutamine. and 
10% fetal bovine scrum (Gibco, Grand Island. NY) on a 
chamber-attached slideglass (Lab-Tek* Chamber Slide'": 
Nalge Nunc Imemaiibnal, Napervjlle. IL) in a humidified S?o 
CO, atmosphere at 37'C. The cells were then fixed with 10% 
buffered neutral formalin (Sigma Chemical Co., St. Louis. 
MO). The cultured MCF-7 cell line thai was used as a positive 
control was tested for telomenise with a PCR-based standard 
TRAP assay (6.13). These cells were also used to prepare cell 
blocks. Briefly, the cells were fixed in 10% buffeted neutral 



formalin, resuspended in molten agarose and then embedded in 
paraffin. Sections from these cell blocks were used as positive 
procedural controls in ISH and 1HC. The negative control in 
1SH was obtained by replacing the oligonucleotide probe with 
RNase.The negative control in 1HC was obtained by replacing 
the primary antibody with Tris-buffered saline (TBS). 

Oligonucleotide probe for ISH. The specificity of the oligo- 
nucleotide sequence was initially determined by a GenEMBL 
database search using the Genetics Computer Group Sequence 
Analysis Program (GCG. Madison, WT) based on the fastA 
algorithm (29); the sequence exhibited 100% homology 
With the hTERT gene sequence. A d(T)» oligonucleotide 
was used to verify the integrity and lack of degradation of 
the mRNA in each sample. All oligonucleotide probes 
were synthesized with a haplen-labeled nucleotide, such as 
digoxigeninrdllTP (Boehringer-Mannheim), at the 3" end via 
direct coupling by using standard phosphoramidite chemistry 
(Research Genetics, Huntsville, AL) (30). The probe used for 
detection of hTERT by ISH was generated from the original 
sequence for Homo sapiens telornerase reverse transcriptase 
(AF015950), 2766-2800: 5'-GCCTCGTCTTCTACAGGGA 
AGTTCACCACTGTCTT-3' (13,24-26). 

> 

ISH. ISH was performed with the GenPoint nucleic acid hypcr- 
detection system (Dako; Carpentaria, CA) (31). Formalin- 
fixed, paraffin-embedded tissue sections (5 ^m thick) were 
deparaffinized in xylene and a graded alcohol scries. Tissue 
sections and CNB samples were then prelreated with target 
retrieval solution (Dako, SI 700) at 95*C and proteinase K 
(Dako, S3004) at room temperature. Next; the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl alcohol series at room temperature. Digoxigcnin- 
labeled anti-sense oligonucleotide in mRNA in situ hybri- 
dization solution (Dako, S3304) was placed over the tissues 
and CNB samples. After hybridization at 37"C overnight, 
the slides were washed in stringent wash solution (Dako, 
GenPoint System Kit) at 45"C. The tissues and CNB samples 
were exposed to avidin blocking solution (Dako, X0590) 
at room temperature followed by biotin blocking solution 
(Dako. X0590) at room temperature. The tissues and samples 
were then incubated ai room temperature with a sheep 
monoclonal hapten-labcled anti-digoxigenin antibody (Dako. 
p5104), and the slides were then fixed with biolinyl lyrarrune 
(Dako, GenPoint System Kit) at room temperature. Finally, 
the slides were incubated with HRP-conjugated streptavidin 
(Dako, GenPoint System Kit) at room temperature. Since 
33'-diaminobenzidine tetrahydrochloride (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. The sections were weakly counter- 
stained with 0.1% hematoxylin. 

JHC. 1HC was performed by the avidin-biotin complex/ 
horseradish peroxidase method. Tissue sections were stained 
for HTERT with a commercially available monoclonal antibody 
(NCL-L-hTERT: Novocastra, Newcastle upon Tyne. UK). 
Sections were dewaxed in xylene. Antigen tetrieval was done 
by incubating sections immersed in 0.01 M citrate buffer at 
pH 6.0 in a microwave oven at 99*C. The sections were 
allowed to cool down at room temperature. The sections 
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• Figure ) . Representative results of the TRAP assay. If functional tclomerase is 
prcserji. the rrwyme adds DNA to the substrate in 6-base-pair {bp) increments, 
resulting in a ladder-like distribution of products. The 6-bp ladder signals arc 
apparent for MCF-7 and breast cancers (case nos. 6. 14, 23. 44 and 59) and are 
not apparent for lysis buffer'as the ncgaiivecontrol. An cauact of MCF-7 was 
used as a positive control for the TRAP assay and as an Inlemai Telomerase 
Assay Standard (ITAS) positive control for PCR amplification, with lysis 
buffer as the negative control (Lysis). 



were then immersed in 1% hydrogen peroxide (H 3 0 2 ) in 
methanol to block endogenous peroxidase aclivily. FoJlowing 
thai, the sections were washed in TBS (pH 7.6) before being 
incubated in normal rabbit serum for 20 mm lo block non- 
specific binding. After, draining off the excess serum, the 
sections were incubated with the primary antibody at room 
• temperature. The sections were washed in TBS before being 
incubated with the secondary antibody (biotinylated rabbit 
anti-mouse, Dako). The sections were washed again with 
TBS and incubated with avidin biotin complex/horseradish 
peroxidase. After washing the sections with TBS, peroxidase 
activity was visuaJi2ed under light microscopy by applying 
DAB chromogen (Dako). The sections were countcrstained 
with hematoxylin; dchydiated in increasing grades of alcohol 
and finally mounted in dibutyl phthalate (DPX) mountanl. 

Homogeneous staining or a speckled/dotted pattern in the 
nucleus was considered positive staining. 3nd absence of 
distinct nuclear staining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT labeling 
index) was performed by previously published criteria (I) as 
follows: Grade I, negative staining; Grade 2, 1-10% positive 
staining nuclei; Grade 3, 11-50% positive nuclei; and Grade 4, 
>50% positive nuclei.. Immunbstained slides for ER and 
PR were scored as previously described (32.33). In brief, 
each entire slide was evaluated by light microscopy. First, a 
proportion score was assigned, which represents the estimated 
proportion of positive-staining tumor cells (0, none; 1, < 1/100; 
2. 1/ID0 to 1/10: 3, 1/10 to 1/3; 4, 1/3 to 2/3: and 5. >273). 
Next, ari intensity score was assigned, which represents the 
average intensity of positive tumor cells (0. none; 1, weak. 
2, intermediate: and 3, strong). The proportion and intensity 
scores were then added to obtain a total scote. which ranged 
from 0 to 8. Slides were scored by pathologists who did not 
have knowledge of ligand- binding results oi patient outcome. 



Table I. Relationships between mRNA status (negative/ 
positive) by ISH and standard clinical, pathological, and 
biological factors in the 66 tumors. . 



No. of patients (%) 



Total 
population 
(%) 



hTERT 
negative 



hTERT 
positive 



P-value* 



Total 


66 


10(15.2) 56 (84 J) 




Age 






NS 


^50 


26 


6 (23.1) 20(76.9) 




>50 


40 


6(15.0) 34(85.0) 




Hisiopatho- 








Irtoifnt lvr>»* 






NS 


Scirrhous 


32 " 


. 2 (6.4) 30(93.6) 




Papillorubular 


20 


2(10.0) 18(90.0) 




Solid tubular 


6 


1(16.7) 5(833) 




Mucinous 


2 


1 (50.0) .1(50.0) 




Non-invasive 


4 


9 t\ti tn 9 t*\t\ (is 

\J\J.\J) \Jl/.U) 




Phyllodes 


9 






Tumor size 


5 




NS 


(Cray 








Tr tsO (W 

i 1 (<X.U) 




n t(w 9f) rinfii 




T2 (2.0-5.0) 


34 


6(17.6) 28(82.4) 




T3 (>5.0) 


10 


2 (20.0) 8 (80.0) 




Lymph node 








status* 






NS 


pNO 


34 


6(17.6) 28(82.4) 




pN) 


26 


2 (7.7) 24(92.3) 




pN2+pNM 


4 


0 (0) 4 (100) 




Relapse 






NS 


+ 


10 


0 (0) .10 (100) 






56 


10(17.6) 46(82.4) 




ER expression 






NS 


+ (^2) 


42 


6 (14 J) 36(85.7) 




- (<2) 


24 


4 (16.7) 20 (83 J) 




PR expression 






NS 


+ 0:2) 


42 


4 (9.5). 38 (90.5) 




- «2) 


24 


6(25.0) 18(75.0) 





test. NS. not significant. 'Information available for 64 patients. 



Statistical analysis. Differences in p-values were analyzed 
with the x 1 'est for independence, and Fisher's test was- used 
for correlations. In all comparisons, p<0.05 was considered 
significant. 

Results 

Representative results of the TRAP assay are shown in Fig. 1. 
The cultured cells, which were tested for lelomerase activity 





Figure 2. Conclalion belwrcn hislolojic diajnosis. human Irlomcrajt rcvcrst lianlcriplDic (bTERT) mRNA by 1SH. bTERT prolnn by IHC. cslrojcn 
rrcrplw (ER> by IHC ond piojcslcionc icccptw (PR) by IHC in bicasl cDnttrs. (a. H&E): (b. bTERT mRNA); (c. bTERT pioicin): Id. ER) and (c. PR). 



wilh the TRAP assay, save positive rcsulis with all procedural 
controls (MCF-7 and 5 breast cancer samples) (Fig. I). 

1SH revealed that hTERT mRNA was strongly expressed 
in the nuclei and cytoplasm of almost all of the MCF-7. human 
cancer cells (data not shown). Expression of hTERT mRNA 
was detected in 56 (88%) of the 64 breast cancers and in none 
of the phyllodes tumors of the breast (Table J) wilh the anli- 
. sense probe, whereas no expression was detected with the anti- 
sense probe treated with RNase (data noi shown). The levels of 
expression were heterogeneous within the carcinomatous 
regions. Strong expression of hTERT mRNA was not confined 
to' the carcinomatous regions but was also delected in 
infillialing lymphocytes (Fie. 2a and b). Higher expression 
levels of both signals of hTERT mRNA were delected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non cancerous mammary gland, 
but no clear differences in signal intensity were observed 
between carcinomas and lymphocytes. The signals in both 
the nonnal and cancer tissues were mainly present in the 
lymphocytes, and the signal intensity was similar in both, 
although a precise quantitative comparison of the in situ signals 
was impossible. 



IHC revealed that hTERT protein was strongly expressed 
in the nuclei, nuclear membrane and cylopjasm of almost all 
of Ibe MCF-7 human cancer cells (data not shown). Expression 
of hTERT protein was delected in 52 (81%) or the 64 breast 
cancers and in none of the phyllode tumors of the brcasl 
(Table II). The levels of expression were heterogeneous within 
the carcinomatous regions. As shown in Fig. 2c, strong 
expression of hTERT protein was observed, in nuclei, nuclear 
membrane and cytoplasm, similar to the pattern in MCF-7 
human cancer cells. Normal mammary gland and stromal 
cells generally showed negative immunoreacriviry against 
hTERT protein antibody. 

A nuclear signal for the ER (Fig. 2d), as assessed by IHC. 
was observed in 36 (56%) of the 64 breast cancers and in 
none of the phyllode tumors of the breast, with positive 
scores ranging from 2 to 8 (Tables I and II). A nuclear signal 
for the PR (Fig. 2e). as assessed by IHC. was observed in 38 
(59%) of the 64 breast cancers and in none of the phyllode 
rumors of the breast, with positive scores ranging from 2 to 8 
(Tables I and 11). 

We used 1511 and IHC to examine hTERT expression 
in 4 rases of breast cancer before and after neo-adjuvant 



Table II. Relationships beiween mRNA status (negative/ 
positive) by 1HC and standard clinical, pathologicaf, and 
biological factors in the 66 tumors. 

No. of patients (%) . 

Total hTERT hTERT 

negative positive P-value* 



Total 


66 


14(21.2) 


52 (78,8) 


Age 










26 


10 (383) 


lo (ol ~>) 


>50 


40 


4(10.0) 


36 (90.0) 


Histopathological . 














30 (93.6) 


• Scirrhous . 


32 


2 (6.4) 


/^apiMOiuDuiar 


20 


4 (20.0) 


16(80.0) 


Solid tubular 


6 


" 4 (66.7) 


2 (333) 


Mucinous 


2 


0 (0) 


2 (100) 


Non-invasive 


4 . 


2(50.0) 


2(50.0) 


Phyllodes 


2 


2 (100) 


0 (0) 


Tumor siit (cro)* 








Tl (<2.0). 


20 


4 (20.0) 


16(80.0) 


T2 (2.UO.U) 


* 


6 (1-7.6) 


28 (82.4) 


T3 (>5.0) 


)0 


2 (20.0) 


8 (80.0) 


Lymph node status* 








pNO 


34 


6(17.6) 


28 (82i4) 


pNl 


26 


6(23.1) 


20 (76.9) 


pN2+pNM 


4 


0 (0) 


4 (100) 


Relapse 








+ 


10 


1 (10.0) 


9 (90.0) 




56 


13(23.2) 


43 (79.6) 


ER expression 








+ (*2) 


42 


6(14.3) 


36(85.7) 


- «2) 


24 


8 (33 J) 


16(66.7) 


PR expression 








+ (^2) 


42 


. 6(143) 


36 (85.7) 


- «2) 


24 


8(333) 


16(66.7) 



NS 



NS 



NS 



NS 



NS 



V lest- NS. nol significant. 'Information available for 64 patients. 



chemotherapy. Before chemotherapy . all 4 of the breast 
carcinomas sliongly expressed hTERT by both ISH and 
1HC. After chemotherapy. hTERT expression completely 
disappeared in all 4 cases (Table 111). hTERT exptcssion by 
lymphocytes was detectable by ISH and 1HC both before and 
after chemotherapy in all 4 cases, and the level of expression 
did not appear to be altered by treatment. 

No correlation was observed between hTERT mRNA 
expression and any of the clinicopathoiogical parameters 
age. hisiopaiholosicaJ type, lumor size, lymph node status. 



Table HI. Relationship of hTERT mRNA and protein 
expression before and after neoadjuvant chemotherapy. 



hTERT mRNA hTERT protein 



Case 


Age 


Neoadjuvant . 


Before After 


Before After 


1 


80 


Anastrozole 




• + 


2 


78 


Anastrozolc 


+ 


+ 


3 


35 . 


FEC* 


+ 


+ 


4 


37 


AO 


+ 


+ 



'FEC.5FU (500 m°/m ; ). Epirubicin (70 mg/nv). Cyclophosphamide 
(500 mg/m'). 'AC, Doxorubicin (60 mg/m 2 ). Cyclophosphamide 
(500 mg/m 1 ). Before, before neoadjuvant chemotherapy. After, 
after neoadjuvant chemotherapy. +. positive; -, negative. 



relapses, and the expression of ER and PR. Similarly, there 
was no correlation between hTERT protein expression and 
any of. these clinicopathological parameters. There was a 
correlation beiween hTERT mRNA expression and hTERT 
protein expression in breast cancers (p<0.005). 

Discussion 

This study reports a comparison of hTERT mRNA expression 
by ISH and hTERT protein expression by JHC in tissue 
sections from breast tumors. hTERT mRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells. Breast cancer cell nuclei stained strongly 
positive with the specific anti-sense probe but nol with the 
anti-sense probe treated with RNase (data nol shown). Tissue 
lymphocytes also stained positively with the anti-sense probe, 
but the stromal cells did not. Expression of hTERT protein 
was observed by JHC in 52 of. the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
bieast cancers (p<0.005). Detection of the hTERT protein by 
1HC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

In recent years, there has been disagreement over the 
suitability of lelomerase activity as a prognostic biologic 
marker in breast cancer that may help to differentiate patients 
for individually based risk-related therapy. Hiyama el ol ()5). 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong association beiween lelomerase activity 
and stage classification and observed lelomerase activity 
in 68% of stage 1 tumors and 95% of stage IV tumors. 
Porembo el ol ( 1 ), using tissue microanays, found a stalistically 
significant correlation between tumor-specific survival (overall 
survival) and hTERT expression in breast cancer. However, 
some problems in interpretation may affect this apparent 
consensus. First, some samples of breast cancer tissue may 
be extensively contaminated by infiltrating lymphocytes 
during operative manipulations, especially in advanced disease, 
causing overestimaiion of lelomerase activity and/or hTERT 
expression. In our previous reports, higher expression levels 



of signals for both hTERT mRNA and proiein were detected 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13,24). Secondly, Poremba 
et al ( J) used polyclonal antibodies against hTERT proiein as 
a signal for expression. In our bands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and are not clearly specific for measuring expression in cancer 
tissues. We have carefully compared the reactivity against 
hTERT protein of the monoclonal antibody used in the 
present study with that of some polyclonal antibodies. Use of 
the monoclonal antibody in IHC allowed clear demonstration 
of hTERT protein expression, with results similar to those 
of 1SH for hTERT mRNA expression. Furthermore, IHC is 
technically much easier to perform than 1SH, since con- 
tamination of samples by RNase is not an issue in IHC. 

To the best of our knowledge, this report is the first on the 
study of hTERT expression in breast cancer as a function of 
neo-adjuvant treatment. We examined hTERT expression 
in 4 cases of breast cancer before and after chemotherapy. 
Before chemotherapy, hTERT was strongly expressed in 
al) 4 carcinomas, but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases. hTERT expression 
by. lymphocyte's was detectable by 1SH and IHC both before 
and after chemotherapy' in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, determination of hTERT mRNA expression 
by 1SH and hTERT proiein expression by IHC can be used to 
obtain information contributing to a histopathological diagnosis 
during screening of breast cancers. By use of a monoclonal 
antibody, we could very clearly and sensitively demonstrate 
hTERT protein expression in breast cancer tissues but not in 
non-cancerous tissues. We also demonstrated that 4 carcinomas 
wiih originally positive immunoreaclivity against hTERT 
proiein became negative after neo-adjuvaht chemotherapy. 
These resulis suggest that determination of hTERT piolcin 
by 1CH can be used as a potential diagnostic and therapeutic 
marker to distinguish breast cancers. . 
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Expression of the ubiquitui-proteasome pathway and muscle loss in 
experimental caucer cachexia. 

KhalJ, Wyke SM, Russell ST, HjaeAV, Tisdale MJ . 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham, UK. 

Muscle p r o t e in degradation is thought to play a major role in muscle atrophy in cancer 
cachexia. To uwest.gate the importance of the ubiquitin-proteasome pathway, which has 
been suggested to be the main degradative pathway mediating progressive protein bssTn 
cachexia, the expression of mRNA for proteasome subunits C2 anfc5 as weH a the 
ubiqurtm-conjugating enzyme, E2(14k), has been determined in gastrocnemius and 
pectoral muscles of m.ce bearing the MAC 16 adenocarcinoma, using competitive ' 

^^Z t ^S^^T a '^ lVneaSC Ch3in reaCti ° n - Pratein ^of proteasome 
were reflected Un X ? T"' ^ " ob,otti «S. * -sure changes In mRNA 

ZTJn I ? ^ gCS m Pr0tem ex P resslon - M ™cl G weights correlated linearly with 
weight loss during the course of the study. There was a good correlation between 

iZ^f*?^^ ^ Md Pr0tein ,eVds ^ ^trocnemius Z cle with 
mcreases of 6-8-fold for C2 and two-fold for E2(14k) between 12 and 20% weight loss 
followed by a decrease m expression at weight losses of 25-27%, although loss of muscle 
eSed C ° nt Tf • * n ntr3St ' eXpreSSi ° n ° f C5 mRNA ^ two-S and wt 

2? " s y at weigh v Iosses between 7 - 5 and 27%: Both ffi-cfio^ 

actmty and proteasome-spec.fic tyrosine release as a measure of total protein 
Ration was also maximal at 18-20% weight loss and decreased at higher weight loss 

cTScTand^;, 1 r n p ™ r 1 rr Ie fo,,owed a different ^ m - 

C2 and C5 and E2(14k) mRNA only being seen at weight losses above 1 7% althou R h 

Zt C ativat S ' nCr ?r d Pr0 ^ SSive, y With i ™-g weight loss. These ^uta^£ 
*at aeration of the ubtquitm-proteasome pathway p.ays a major role in proteinloss in 
gastrocnemius muscle, up to 20% weight loss, but that .other factors such as depression in 
protem synthes.s may play a more important role at higher weight loss. depreSS1 ° n 

PMID: 16160695 [PubMed - in process] 
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Increased expression of proteasome subunits in skeletal muscle of cancer 
patients with weight loss. 

KhaLI, Hinc AV, Fearon KC . Dcj^ngCH, Tisdale MJ . 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham B4 7ET, UK. 

Atrophy of skeletal muscle is common in patients with cancer and results in increased 
morbid.ty and mortality. In order to design effective therapy the mechanism by which 
.this : occurs needs to be elucidated. Most studies suggest that the ubiquitin-proteasome 
proteolytic pathway is most important in intracellular proteolysis, although there have 
been no reports on the activity of this pathway in patients with different extents of weight 
loss. In this report the expression of the ubiquitin-proteasome pathway in rectus 
•abdominis muscle has been determined in cancer patients with weight loss of 0-34% 
using a competitive reverse transcriptase polymerase chain reaction to measure • 
expression of mRNA. for proteasome subunits C2 and C5, while protein expression has 
been determined by western blotting. Overall, both C2 and C5 gene expression was 
increased by about three-fold in skeletal muscle of cachectic cancer patients (average 
weight-loss 14.5+7-2.5%), compared with that in patients without weight loss with or 
without cancer. The level of gene expression was dependent on the amount of weieht 
\T;io?Tl g maximall y for both Proteasome subunits in patients with weight loss of 
iz-iy /o. hurther increases in weight loss reduced expression of mRNA for both 
proteasome subunits, although it was still elevated in comparison with patients with no 

ZfK^ ^ "° e r denC& f ° r ^ inCrCaSe in e *P re ^°n at weight losses less 
than 10/, There was a good correlation between expression of proteasome 20SaI P ha 
.subunits, detected by western blotting, and C2 and C5 mRNA, showing that increased 
gene expression resulted in increased protein synthesis. Expression of the ubiquitin 
conjugating enzyme, E2(l 4k), with weight loss followed a similar pattern to mat of 
proteasome subunits. These results suggest variations in the expression of key 
components of the ubiquitin-proteasome pathway with weight loss of cancer patients and 
suggest that another mechanism of protein degradation must be operative for patients 
with weight loss less than 10%. p*uwu& . 
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Cell type-specific occurrence of caveolin-lalpha and -lbeta in the lime 
caused by expression of distinct mRNAs. 

KogoH, Aiba T, Fujimoto T . 

School of Medicine, Showa-ku, Nagoya 466-8550, Japan. hkogo@fUjita-hu.ac.jp 

Two isoforms of caveolin-l, alpha and beta, had been thought to be generated by 
alternative translation m.tiation of an mRNA (FL mRNA), but we showed previously that 
a variant mRNA (5'V mRNA) encodes the beta isoform specifically. In the present Idy 
we demonstrated strong correlation between the expression of the Leolin- 1 protein 
.soforms and mRNA vanants in culture cells and the developing mouse lung. The alpha 
isoform protem and FL mRNA were expressed constantly during the lung dielopment 
whereas expression of the beta isoform protein and 5'V mRNA was negligible inT fetal 
lung before 1 7.5 days post coitum, and markedly increased simultaneously at 1 IS days 
pos t euton, whence alveolar type I cells started to differentiate. Immunohistochemical 
analysts revealed the cell type-specific expression of the two isoforms; the alveolar type I 

?oknToh Se n ,S ° f r P red0minant, y> ^ «« endothelium harbors the alpha 

isoform chiefly. The mutually exclusive expression of caveolin-l ■soforms was verified 
by Western blotting of the selective plasma membrane preparation obtain^ from the 
endothelial and alveolar epithelial cells. The present result indicates that the So 
caveolm-1 isoforms are generated from distinct mRNAs in vivo and that their production 
is regulated independently at the transcriptional level. The result also suggests fl at Se 
alpha and beta isoforms of caveolin-l may have unique physiological functions 

PMID: 15067006 (PubMed - indexed for MEDLINE] 
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Oncogene and growth factor expression in ovarian cancer. 
KoimnossF, nnul^echtT, BirmdlnG, KoJUerM, Tesch H . PQcid^erA 
Department of Gynaecology, AlbertlLudw.g University, Fre.burg, Germany 

activation of the EOOTOF .ST T a ",° arc,nom » s ls ° b ™u S ly associated with an 
Analysis or ECF-¥ TCF Ii„h» , ^ ^ '" C ' l " li " g ^ ^ ^i"" <*t«**™. 

ovary exp JZ^o^ IfS,™ ^ll^^ffif^^rir™- 

There was no strong correlation between EGF-R/TGF-alpha oTd o-mvo/eT„ 
expression.(ABSTRACT TRUNCATED AT 250 WORDS) ™y<*-J»n 
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Somatostatin Receptors in primary human breast cancer: quantitative 
anal ysis of mRNA for subtypes 1-5 and correction with receptor protein 
expression and tumor pathology. P protein 

Fraser Laboratories For Diabetes Research, Department of Medicine McGill Universitv 
Royal V.ctona Hospital, 687 Pine Avenue West, H3A 1AI Montreal' Quebec Canada 
ujendra.lcumar@muhc.mcgill.ca yueoec, Canada. 

Somatostatin receptors (SSTRs) have been identified m most hormone-producing tumors 
as well a^ tn breast cancer. In the present study, we determined SSTR1 .JZST 
Pnmary ductal NOS breast tumors through semi-quantitative RT-PCR and 
immunocytochemisrry. The results from the analysis of 98 samples were correlated with 
several key htstological markers and receptor expression. All five SSTR ^Z^T 
vanably expressed at the mRNA level in breast tumors with 91% of samnle, «ZSZ 
SSTR1 98% SSTR2, 96% SSTR3, 76% SSTR4, and 54%^^^ S^TRl 5 are 
■ lo^hzed to both tumor cells and the surrounding peritumoral regzons as detect by 
inununocytochemistry. Levels of SSTR mRNA when corrected for beta-actin Zds 
were htghest for SSTR3 followed by SSTR1, SSTR2, SSTR5, and S^4^,S> re 

recetto^ S™, ? 7, ^' ^ for SSTR4 > 68% ^ SSTRS, and 78% for al, five 
receptors SSTR. 1, 2 and 4 were correlated with ER levels whereas SSTR2 showed an 
addthona correlatton with PR levels. These correlations were independent oSeoTai* 
and htstologtcal grade. Moreover, using immunocytochemistry, blood ves d exhibhed 
recep or-spectfic localization for SSTR2 and SSTRS. Our results indica^S 
corre attons between mRNA and protein expression along with receptor-spS 

Z^Zt^T 1 mafkerS 33 We " " ER ™ d PR ,eve,s - D.fferentia. 
su^i "aV he^ SU ^f m tUm °?r d rece P t0r - s P ecific ^P-ssion in vascular 
ion,^ ^ 38 3 n0Vd d ' agh0SiS f0t breast turaora with rece Pt^ «btW»c 
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Atranscriptomic and proteomic analysis of the effect of CpG-ODN on human 
llir-1 monocytic leukemia cells. 

Kuo CC, Kuo CW . Liang CM, Liang SM. 

Institute of BioAgricuItural Sciences, Academia Sinica, Taipei, Taiwan. 

The CpG motif of bacterial DNA (CpG-DNA) is a potent immunostimulating agent whose 
mechanism of action .s not yet clear. Here, we used both DNA microarray and proteomic 
approaches to investigate the effects of oligodeoxynucleotides containing the CpG motif (CpG- 
ODN) on gene ^inscription and protein expression profiles of CpG-ODN responsive THP-1 cells 
Mcroarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and 
down-regulated five genes. These genes were identified as being associated with inflammation 
^microbial defense transcriptional regulation, signal transduction, tumor progression, ceh 
differentiation proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcnptional expression of 58 genes. Among these 58 genes, none except one, namely wV 
inducible signaling pathway protein 2, was the same as those induced after 2 h stimulation 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
identified several proteins up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins 
Comparison of microarray and proteomic expression profiles showed poor correlation Use of ' 
Wei?, i S» ™ tl ve analyses, such as reverse transcriptase polymerase chain reaction, 

mtel i„rS5 S ^ ^ u ^ °" S6Vera ' geneS wd proteins ' nonetheless, confirmed that 
fliere ,s indeed good correlation between mRNA and protein expression after CpG-ODN 

treatment. This study also revealed that several anti-apoptotic and neuroprotective related 

CwiS P r ,0U + y rep0It f ' mG 3CtiVated by ^PC-DNA. These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to further understanding of 
mechanisms that link innate immunity with acquired immune responds). naerstandin g ot 

PMID: 15693060 [PubMed - indexed for MEDLINE] 
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proliferate and secrete immunoglobulins in a Tcell-independ- 
ent manner [4-6). It also induces B cells and monocytes to 
activate transcription factor NF-kB and secrete cytokines, 
including interleukin (1L) 12, tumor necrosis factor a (TNF-a), 
and interferon a/B [7—10]. The immunostimulatory activity of 
bacterial DNA has been assigned tounmethyiated CpG motifs 
(GACGTT for murine, GTCGTTfor human) [11]. Recent evi- 
dence shows that synthetic oligodeoxynudeotides containing a 
CpG motif (CpG-ODN), like bacteria] DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl-like immune responses 
that are protective against several infectious agents and 
immune disorders in animal models [1 2, 1 3). Biologically a ctive 
CpG-ODN, like bacteria DNA, activates 'macrophages and 
immature dendritic cells to increase expression of MHC class 
11 and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-inflammatory cytokines including 
TNFct, IL.-1, 1L-6 and 1L-12 [9, 14-16). CpG-ODN can therefore 
serve as an adjuvant and irnmunomodulatfjr in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens [17]. 

It has been suggested that unmethylaled CpG-DNA-medi- 
ated immune activation functions through a toll-like receptor 9 
(TLR9) signaling pathway |18]. Endocytosis and sequentially 
endosomal maturation as well as binding of heat shock protein 
(HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction |19, 20]. It has also been shown that recogni- 
tion of CpG : DNA causes TLR to form a dirrier, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their C-terminal Toll/IL- 
1R domains. This recruitment of MyD88 to the Toll/lUR do- 
main of TLR 9 initiates a signaling pathway that sequentially 
involves lL-lR-associated kinase 1 and TNF-a receptor-asso- 
ciated factor 6 [18, 21, 22]. Studies using gene-deficient mice 
and RAW264.7 cells transiently tiansfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA- 
induced activation of NF-kB and c-Jun.NH 2 -terminal Idnase 
(JNK), as well as subsequent production of cytokines in mono- 
cytic cells [18, 21 , 22]. The precise mechanism of action ofCpG- 
DNA and CpG-ODN, nonetheless, is still not thoroughly 
understood. To further elucidate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN and evaluated 
changes by using DNA microarray and pioteomic approaches. 
We have discovered up-regulation of more than 50 disting- 
uished genes/proteins and identified induction of several anti- 
apoplotic and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 
2.1 Reagents 

Phosphorothioate-modified CpG-ODN and GpC ODN were 
synthesized by MDBio (Taipei. Taiwan). Human specific 
ODN sequences ate: CpG-ODN, 5' TCG TCG TTT TGT CGT 



TTT GTC GTT-3'; GpC-ODN, 5' TGC TGC TTT TGT GCT 
TTT GTG CTT-3'. The mouse specific CpG-ODN sequence is 
5'-TCC ATG ACG TTC CTG ATG CT-3\ CHCA was from 
Sigma (St Louis, MO, USA). 

2.2 Cell culture 

Cell lines were obtained from the American Type Culture 
Collection (Rodcville, MD). Mouse RAW264.7 macrophage 
and human embryonic kidney 293 cells (HEK293) were cul- 
tured in DM EM" supplemented with 10% heat inactivated 
fetal bovine serum, 100 U/mL penicillin, 100 pg/inL strep- 
tomycin sulfate, 200mimo]/L L-glutamine, and 50 um 6-mer- 
Captpethanol in a humidified atmosphere of 5% C0 2 at 37°C 
The medium was changed every 2 days for all experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpG-DNA stimula- 
tion [23, 24] ; were cultured in RPM1 1640 with the same sup- 
plements as for RANV2'&4.7 cell cultures. 

2.3 Human cDNA microarray 

Total RNAs extracted from cultured THP-1 cells were isolated 
withTRlzol (Invitrogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for further proces- 
sing. In brief, 4 ug of total RNA from CpG-ODN stimulated, or 
norma] THP-1 cells was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Different colored fluorescence dyes 
(Cy5 and Cy3) were used to distinguish total RNA from normal 
and ODN stimulated cells. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto, CA, USA).Thechipswere scanned and 
the expression pattern was analyzed using genechip software. 
Genes showing up-iegidation or down-regulation of RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the microchip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm 2 tissue culture flask at a 
density of 10 6 cells per milliliter in culture medium. The cells 
were stimulated with or without 1.5 pM CpG-ODN at defined 
times and harvested by centrifugation at 4°C, 1000 x g for 
15min. Cell pellets were washed twice with ice-cold PBS, 
resuspended and sonicated in extraction buffer containing 
25 mM Tris-Hd {pH 7.5), 2mM f3-mercaptoethanol and pro- 
tease inhibitor cocktail. After centrifugation at 100O0 x gfor 
20 min, ammonium si dfate was added to the supernatant until 
the final concentration reached 50% saturation w/v. The solu- 
tion was stirred at 4°Cfor 30min and centrifoged at 10000 x g 
for 30 min at 4°C. The supernatant fraction was then trans- 
ferred into a fresh rube, and the precipitated protein pellet 
solubilized in extraction buffer. To remove salts and other con- 
taminants, the extracts were treated with a pre-cooled (— 20°C) 
solution of 10% TCA in acetone with 0.07% (J-mercaptoetha- 
nol. Proteins were allowed to precipitate overnight at -20 C. 
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After centrifugation, the pellet was washed with ice-cold ace- 
tone, containing 0.07% P-mercaptoethanol. The supernatant 
was discarded and the peDet dried in a SpeedVacsystern (Model 
AESIOIO; Savant, Holbiook, NY, USA). 

2.5 2-DE 

2-DE was performed using an lPGphore IEF and a Hofer 
DAD" vertical unit (Amersham Biosciences, Piscatawa y> NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 uL of rehydration buffer solution, containing 7 m urea, 
2 m thiourea, 4% w/v CHAPS, 5 m M triburyl phosphine, and 
2% IPG and loaded onto an immobilized pH 3-10 linear 
gradient strip (18cm), followed by rehydration for 16h. IEF 
was then performed in the following manner: 100 V for 
3.0min, 250V for 30min, 500 V for 30min, 1000 V for ' 
30min, 4000 V for 30min, 6000 V for 55 000 Vh. At the end 
of IEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w/v SPS. 30% v/v glycerol, and 
50m M Tris, pH 6.8, then reduced with 65 m M dithiorery- 
thritol (DTE) and subsequent/ alkylated with 135 mM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS^ 
PAGE (1.5 mm,. 20x24 cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis Buffet Electrophoresis was performed 
at 16°C. starting at 10mA per gel for 1 b. followed by 45 mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Immediately after electrophoresis, gels were stained with 
SYPRO Ruby (Molecular Probes, Eugene, OR. USA). In 
brief, gels were fixed for 30min in 10% methanol, 7% acetic 
acid, and Lhen stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in 1 0% 
methanol and 7% acetic acid for 3h. After staining, image 
acqu.sibon was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2 D results were analyzed using 
ImageMaster software (Amersham Biosciences). The M, of 
the proteins were calibrated according lo the LMW-SDS 
Ma.ker Kit (Amersham Biosciences), and their pi values 
were estimated from the position of the protein spots on the 
2-D gel and confirmed with the information supplied by the 
manufacturer. Since most of the pJ values for the truncated 
proteins had not been reported previously, the pJ values of 
the truncated proteins were estimated from (he position or 
the observed spots. To omit the variation due to the use of 
separate gels, after background subtraction, the intensity 
levels of protein spois on each gel were normalized as a pro- 
porhon of one reference spot, and protein quantities were 
calculated by integrating the density over the spot area Pro- 
tern spots that showed reproducible modulation exceeding 
~80% after CpG-ODN treatment in th.ee experiments were 
further analyzed by MS. 
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2.7 In-gel I digestion with trypsin arid extraction of 
peptides 

. Protein spots were excised from stained gels and cut into 
pieces. In brief, gel spots were dehydrated with ACN for 
10mm and dried in a vacuum centrifuge. Gel pieces were 
reswelled with 55 mu DTE in 25 m M arnmoniurn bicarbon- 
ate (pH 8.5) at 37°C for 1 h. The solution was then exchanged 
with allegation solution, which contained lOOrriM iodoaceta- 
mide m 25 mM ammonium bicarbonate (pH 8 5) at room 
temperature for lh. After- alleviation, the gel pieces were 
washed twice with 50% ACN in 25 m M ammonium bicarbo- 
nate (pH 8.5) for 15 min. The wash solution was discarded 
and the peces of gel were dehydrated with ACN for lOmin 
and dried in a vacuum centrifuge. Tryptic digestion was 
initiated by reswelling the gel in 25 mx ammonium bicar- 
bonate solution, with 25 ng of trypsin (Promega, Madison 
WJ, USA). After incubation at 37°C for 16h, tryptic peptides 
were extracted twice with. 50% ACN containing 5% formic 
acid for 15 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0.1% 
formic acid and used for MS. 

2.8 MALDI-Q-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALD1 (Micromass, Wytherishawe U K ) 
equipped with a 337 nm niftogen laser and operated in 
reflectron positive ion mode. Peptide mixtures (1 uJL) were 
premixed with 1 uL of the matrix (5mg CHCA in 50% ACN 
with 0.1% TFA) then spotted onto the MALDI target plate. 
Mass spectra were acquired for the mass range of 900- 
3500 Da and the individual spectra from MALDI MS or MS/ 
MS were processed using the Micromass MassLynx 4.0 soft- 
ware. The generated peak list files were used to query the 
Swiss-Prot database using the MASCOT program (http:// 
www.matrixscience.com) with the following parameters: 
peptide mass tolerance, SOpprn; MS/MS ion mass tolerance, 
0.25 Da; allowance of missed cleavage. 1; and consideration 
for variable modifications such as oxidation of methionine 
and carboxyamidomethylarion of cysteines. Only significant 
hits as defined by MASCOT probability analysis were con- 
sidered initially. In addition, when the PMF matches were 
between 5 and 9. at least one peptide sequence was manually 
checked by MALDI MS/MS analysis. 

2.9 RT-PCB analysis 

cDNA from THP-1 cells was produced with Superscript II 
reverse transcriptase (lnvihogen) using a oIigo(dT) )5 primer 
for 1 h at 42-C. PCR of cDNA was performed using specitic 
primers for the gene of interest and control (5-actin. All PCR 
products were electrophoresed on a 1.5% agarose gel, and 
DNA bands were visualized by staining the gel with ethi- 
dium biomide. 
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2.10 Immunoblotting 



3 Results 



Human THP-1 or mouse macrophage RAW264.7 cells 
(5 x 3 x lo'/weD) were cultured in a six-well culture 
plate and treated with or without 1.5 um CpG-ODN for 
the. designated times. After stimulation, cells were harvest- 
ed by centrifugatjon at 1000 x'g for ISrniri in a refri-. 
gerated centrifuge and washed twice with cold PBS bufFer. 
The cells were lysed on ice for 15min with. 300 uL lysis 
buffer (Pierce, Rockford, USA), supplemented with pro- 
tease inhibitor cocktail (Sigma). The lysates were , cen- 
trifuged at 12000 x g for 15min at 4°C, and protein 
concentrations of supernatant were determined using the 
Bio-Rad Protein Assay (Hercules, CA ; USA). The lysates 
(50 ug of protein/lane) were subjected to 12% SDS-PAGE 
and transferred to NC membranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-0.1% 
Tween 20 (PBST) containing 5% non-fat. skim milk at 
room temperature for 1 h, followed by staining with anri- 
ADP-ribosylau'on factor 3 (ARF-3) monoclonal antibody. 
(0.1 Ug/mL; Sigma). The membranes were then incubated 
with horseradish peroxidase-conjugated secondary anti- 
body (dilution, 1:3000) for 1 h. After washing three times 
with PBST, specific bands were detected by chemilumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences). 

2.11 Cell transfection and lueilerase assay 

HEK293 cells (5 x 3 x 10 6 /wel)) were transfected using 
FuGENE6 (Roche Molecular Biochemicals, . Indianapolis, 
IN, USA) plus 0.1 ug p 5xNF-kB-1uc (Stratagene, La Jolla. CA. 
USA), 0.05 ug pCDNA3.1-B-gaiactosidase, and pCDNA3.1- 
hTLR9 overnight The cells were incubated with or without 
1.5 um CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). (?-galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activity assay 

Pyruvate kinase activity was assayed in a solution (lmL) 
containing lOOmM Tris-HCl (pH 8.0). lOOmM KCI, lOmM 
MgCl 2 . 0.2 dim NADH, lOmM PEP, 1.5 mM ADP, lunit of 
lactate dehydrogenase, and an appropriate amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absorbance at 340 nm. PGK ac- 
tivity was assayed in a coupled reaction with glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as described by Lee 
[25]. In brief, the assay was performed at J0°C in a total vol- 
ume of lmL containing ]00mM Tris-HCl (pH 7.9), 10mM 
MgCl 2 , 0.15 mM NADH. 2mM ATP, 6mM 3-phosphoglyce- 
rate, 0.1 mg/mL BSA, 50 mg of GAPDH, and an appropriate 
amount of cell lysate. NADH consumption was monitored 3t 
340 nm. 



3.1 Effect of CpG-ODN on gene expression profiles of 
human THP-1 culls 

To elucidate the ellert of CpG-ODN on gene expression, 
THP-1, a cell line known to express TLR9 and respond to 
CpG-DNA (23, 24) was cultured with or without CpG- 
ODN. Since preliminary experiments showed that 1.5 um 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODN. treated cells, 1.5 um CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, total cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cy3, - respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDNA microchip from Agilent Technol- 
ogies. Of the 13 000 human , genes- represented on the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h CpG-ODN treatment. Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are fisted in Tables 1 and 2. They included 
notably, IL-18 receptor accessory protein, MSGA beta 
gene, thioredoxin, pro-pol-dUTPase polyprotein, Spl40, 
connexin 59 gene, Grb2-like 2, enoyl-coenzyme A hydra- 
tase, propionyl coenzyme A carboxylase, cytochrome P450, 
and WNT1 inducible signaling pathway protein 2 (WISP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduc- 
tion, tumor progression, cell differentiation, proteolysis 
etc. ... 

Tible 1. Genes up-regulated (> 2 fold) in human THP-1 cells after 
2 h ol CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-18 receptor accessory protein 
T cell receptor V beta gene 
MGSA, beta gene 
Antigen gene IPA) 
TIED 

Platelet activating receptor 

Antimicrobial defence 

Thioredoxin 

Pro-Pol-dUTPase polyprotein 
Nuclear body protein Spl 40 

Transcriptional regulation 

Putative transcription factor LUZP 

General transcription factor II, I, pseudogene 1 

Connexin 59 gene 

Basic helix-loop-helix protein class B 1 
IBHLHB1) 



AF077346 

X58B06 

U03019 

M21896 

NM_004791 

AF002986 

NM_003329 

AC004748 

U63420 

AI98G271 
AI7 00706 
L29277 
AF221520 
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Table 1. Continued 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Regulatory protein 
Advillin 

Channel and transport 
Small GTP binding protein Rab9 
FXYD domain-containing ion transport 
regulator 1 

Signal transduction 
SH3-ddmain Grb2-like 2 
Titin 

Titin associated protein (165 kD protein) 
KIAA1451 protein 

Vasoactive intestinal peptide receptor 

Enzyme and protease 

Enoyl-Coenzyme A, hydrolase 

Nephrin. B-type metallocarboxypeptidase 

Propionyl Coenzyme A carboxylase 

Acyloxyacyl hydrolase (neutrophil) 

Cytochrome P450 

Intestinal alkaline phosphatase 

Tumor progression and cell differentiation 

'. Retinoblastoma 1- 

Human genomic DNA of 9q32 anti-oncogene 
of flat Epitherium cancer, 
segment 6/10 
WNT1 inducible signaling pathway protein 2 
IWISP-2) 

Structure protein 
Collagen, type IV, alpha 6 
Beta Myosin heavy chain 

Other 

Homo sapiens Cri-du-chat region mRNA, 

clone NIBB11 
Human mRNA for laminin alpha 5 chain, 

partial cds. 
NIK like and Thyroxin-binding 

globulin precursor 
Hypothetical protein DKFZp434M033i 
Hypothetical protein FLJ11021 similar j 

to splicing factor 
Hypothetical protein 
Chromosome 18 open reading frame 1 
Arfaptin 1 

Zinc finger protein 8 IZFP8) 
Zinc linger protein 137 (clone pHZ-30) 
Ollactomedin related ER localized protein 
Cyclin-dependent kinase 8 
Integrin, alpha .1 
KIAA0421 protein 
KIAA1233 protein 
Unnamed prolein product 
NBL4 

BC331 191.1 



AF041449 



U44103 
AI125364 



AF036268 

X90568 

X69089 

AB040884 

U11087 



AI800553 

U65090 

AB011145 

M62840 

U79716 

M31008 

LI 1910 
AB036268 



AF 100780 



D21337 
M58018 



U52827 

AB010099 

Z83850 

AL137720 
AK023985 

AL049851 

NM_ 004338 

AW4087S5 

M29581 

U09414 

AI738468 

BE 4 67537 

D87462 

AB007881 

AB033059 

AK026362 

X75535 

AAD39268 
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Table 2. Genes dowrwregulated (> 2 fold) in human THP-1 cells 
after 2 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



BAB03600 
AF239798 



Zinc-finger homeodomain protein 4 
. Human protein kinase MEKK2b mRNA, 
complete cds. 

GlypicanB • U66033 

Human genomic DNA, chromosome 22q1 1.2, AP000362 
clone N75A12. 

Collagen, type I, alpha 1 



274615 



Longer stimulation of THP-1 cells with Cp&ODN (8h) 
resulted in the up-reguJarion of 58 genes. These genes in- 
cluded notably IL-10 receptor beta, formyl peptide receptor- 
like 1 (FPRL1), vitamin D receptor, nuclear receptor sub- 
family 1 (LxR), early B-cell factor, protein kinase C gamma 
(PKQ. Nek, Ash, phosphobpase C binding protein (NAP4), 
phosphoriboxyl pyrophosphate amidotransferase, dishev- 
eled 3. WISP-2 etc. Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intracellular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotection etc. {Table 3). 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resulted in different pro- 
files. Several defense related genes such as 1L-18 receptor 
accessory protein, Pro-Pol-dUf Pase polyprotein. Spl40 and 
connexin 59 were transiently up-regulated at 2h short stim- 

Table 3. Genes up-regulated (> 2 fold) in human THP-1 cells after 
8 h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-10 receptor (beta) 

Formyl peptide receptor-like 1 IFPRL1) 

Vitamin D receptor 

IMMDAR1 

CD44 antigen 

Nuclear receptor subfamily 1 (LxR)' 
Neuromedin B receptor 

Transcriptional regulation 

Early B-cell loctor (ebl) 

Neurogenic differentiation 1 (Neuro D) 

MAX dimerization protein (NESH protein) 

Ribosomal piolein S6 kinase 

ASH2L 

Regulatory protein 

Hypothetical protein DKFZp434H0820 
Peroxisomal fornesylnted protein 
LTBP4 " 

Neuronal penlraxin II 



U08988 

AF081535 

J03258 

Z32774 

AW028346 

NM_005693 

M73482 



AF208502 
AB0 18693 
AB037886 
AF 090421 
AB022785 



AL137555 
X75535 
AF051344 
U29195 
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Table 3. Continued 



' Table 4. List of antimicrobial and anti-inflammatory genes 
modulated by CpG-ODN treatment of THP-1 cells 



Gene name and description 
(changed fold > 2) 



Structure protein 

Tricbohyalin 

(Certain 

Other 

Human transferrin pseudogene 
TIMP-2 

Collagen-like protein 

Human genomic DNA, chromosome 21q, 

section 60/105 
Human genomic DNA, chromosome 21q, 

section 64/105 
KIAA0136 
KIAA0379 
KIAA0489 
KIAA1114 
KIAA1451 
KIAA0756 

Zinc finger protein 267 

Hypothetical protein FU10633 

Hypothetical protein EUROIMAGE 1955967 

Mybl homolog like 1 

Antizyme inhibitor 

Disintegrin-like and metalloprotease 

Ireprolysin type) with Thrombospondin 

type 1 motif, 3 
ADP-ribosylation factor 3 (ARF-3J 
Testis specific protein, Y-linked 
Unnamed protein 



Genebank 
number 



Channel and transport 
Gamma-aminobutyric 161] A receptor 
ATP synthase subunit F6 
transient receptor potential channel 1 
Choroideremia (Rab escort protein 1) 

Signal transduction 
Protein kinase C, gamma 
Regulator of G-protein signaling 5 
Nek, Ash and phospholipose C binding . 

protein INAP4) 
Highly similar to adeylate kinase gene 

Enzyme and protease . 
Phenylalanine hydroxylase 
Carboxypeptidase AT 
Xylulokinase 
Pancreatic lipase 
Ubiquitin specific protease 1 2 
Transmembrane protease, serine2 
Aspartate bata-hydroxylase 
Phosphoribbsyl pyrophosphate 
amidotransferase 

Tumor progression and cell differentiation 

CDC 23 

WlSP-2 

Microseminoprotein, beta 
Dishevelled 3 



NM_004961 
M37104 
Z73903 
X57637 

Z15114 

AI674877 

AB005216 

ABO 16886 

AA203389 

X67318 

AK001205 

J05125 

AF022789 . 

U75329 

U03109 

D13757 



AF053977 
AF1 00780 
M34376 
NM_004423 

L09190 
AF061809 

M22376 
U44383 
U67921 
AP001716 

AP001720 

D50926 

AB002377 

AB007958 

AL049732 

AB040884 

AB018299 

AF220492 

AK001495 

AK026108 

AK001893 

D88674 

AB002364 



M74491 
M98525 
AK026042 



Gene name 



Genebank 



Expression fold ' 





number 




2h 


8h 


Connexin 59 gene 


L29277 


2.12 


±0.05 


1.74 ±0.08 


IL-18 receptor 


X58806 


2.32 


±0^21 


1.19 ±0.13 


accessory protein 










Integrin, alpha 1 


X68742 


2.01 


±0.03 


1.05±0.10 


Nuclear body protein 


U63420 


2.22 


± 0.11 


1.39 ± 0.04 


Sp140 










Pro-PoWUTPase" 


AC004748 


2.33 


±0.18 


0.95 ±0.03 


polyprotein 










Thioredoxin 


NM_003329 


2.20 


±0.08 


1.07 ± 0.01 


FPRLi 


AF081535 


0.95 


± 0.06. 


2.13 + 0.11 


IL-10 receptor 


U08988 


1.22 


±0.18 


2.21 ± 0.07 


LxR 


NM_005693 


0.90 


±0.03 


2.37 ± 0.31 


Vitamin D receptor 


J03258 


1.37 


± 0.23 


2.39 ±0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



ulation but were down-regulated thereafter, while anti- 
inflammatory associated genes such as FPRL1, IL10 recep- 
tor, vitamin D receptor and LxR were up-regulated after 8h 
stimulation (Tables 1 , 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the microarray analysis, we also 
performed RT-PCR on the up-regulated genes (Fig. 1). Con- 
sistent with results obtained in the microarray gene expres- 
sion analysis, RT-PCR studies showed that the mRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of G-protein signaling 5, NAP4 and 
ASJ-J2L, were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein expression level of ARF-3 

- GpC-ODN CpG-ODN 



Unhealed 2 8 

Regulator of G- 
protttin signaling 5 



Figure 1. Induction of various genes by CpG-ODN. THP1 cells 
were stimulated with medium alone, 1.5 pw GpC-ODN las the 
negative control) or CpG-ODN lor the indicated times. -RT-PCR 
was then performed to analyze gene expression levels. B-actin 
was used as an internal contiol. The experiment was repeated 
three times with similar results. 
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(B) RAW 




ARF-3 "S&S'SiK .C*. '■SZ§$frg&&&£t 



Actin 



Figure 2. CpG-ODN induced ARF-3 protein expression in human 
THP-1 or mouse RAW264.7 cells. THP-1 (A) or mouse RAW264 7 
IB) cells were incubated with 1.5 um CpG-ODN for the indicated 
time points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using anti-ARF-3 anti- 
body. The experiment was repeated three times with similar 
results. 

was shown to increase in Western blotting analysis in cell 
lysates from THP-1 cells treated with CpG-ODN for 8-24 h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell lines such as the mouse macrophage 
RAW264.7 cell line (Fig 2B). 

3.3 Proteins regulated in CpG-ODN stimulated THP-1 
cells . 

To further assess whether there was any correlation between 
regulation of gene expression and expression of ceUular pro- 
teins, a proteomic approach was adopted to identify protein 
expression profiles. THP-1 cells were treated with CpG-ODN 
for defined times (from 8 to 40h), and their cytoplasmic 
protons were extracted for 2-DE analysis. Although the use 
of high concentrations of urea might give us a broader view 
of a! the proteins afTected by CpG-ODN, preliminary results 
from 2-D gels showed that the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE, total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate solution. To remove salts and other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
mination analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.0-10.0 gel for precipitated or 
supernatant fractions, respectively. Comparative analysis of 
2-DE between treatments and control showed that the inten- 
sities of the protein spots from the ammonium sulfate pie- 
cpjtated fraction did not change, while several protein spots 
were up-regulated by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3). 

The protein spots were individually excised from gels for 
further identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MALD1- 



Untreated 
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F.gure 3. The effect of CpG-ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or without 1.5 um CpG-ODN 
for 8 h. Total proteins were extracted and roughly separated into 
two fractions by 50% saturation with ammonium sulfate. The 
supernatant fraction was then separated by 2-DE. Protein spots 
were visualized by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed thai these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protein 
spots 1 lenoly-coehzyme A hydrataso), 2 Iproteasome a) and 3 
IcyclophilinA; two isoforms) are shown. The experiment was 
repeated three times with similar results. 

TOF. These proteins included HSP60, HSP90. cyclophi- 
linA, enoyl-coenzyme A hydratase, eukaryotic translation 
elongation factor, proteasome a and R chain and ATP syn- 
thase beta chain (Table 5). Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation (25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs (HSP27, hsc70, grp78 and grp94) r 
metabolic enzymes (phosphoglycerate kinase (PGK) and 
pyruvate kinase (PYK)), macrophage capping protein and 
cydophilin A (Table 6). Among these proteins, macrophage 
capping protein, PGK, PYK. cyclophilin A and HSP27 
(Figs. 4 and 5A) were found to be up regulated. Interest- 
ingly, we found that a truncated form of grp78 with an 
expected mass of 25 kDa and pi of 5.3 was up-regulated 
while grp78 itself was down-regulated. A similar situation 
was also found for grp94 and hsc70 and their truncated 
derivatives (Table 7 and Fig. 5). In addition, we also ob- 
served six down-regulated protein spots on 2-D gels in 
samples after 25h CpG-ODN treatment. Among these six 
proteins, we have successfully identified three as 40s ribo 
somal protein SA. grp78 and hsc70,' respectively (Table 6). 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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Table 5. List of proteins modulated by 8h CpG-ODN treatment 



Protein name 


Accession 


M, 


Pi 


Matched 


Cover- 


Score 


Expression 




no. 


(theor.) 


(theor.) 


no. 


age% 




fold 


ATP synthase beta-chain 


gi1 14549 


56 525 


5.26 


16 


58 


171 


2.33 ± 0.06 


CyclophilinA 


P05092 


17 870 


7.82 


5 


35 . 


62 


2.85 ± 0.13 


Enoyt-Coercyrhe A 


gi4503447 i>, >35 971 


6.61 


11 


44 


62 


2.52 + 0.05 


hydratase 














Eukaryotic translation 


gi4503481 


50 087 


6.25 


6 


25 


68 


3.41+0.21: 


elongation factor 














HSP60 


P10809 bl 


57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP90-beta 


P08238 


83 133 


4.97 


10 


18 


65 - 


2.36 + 0.10 


Proteasome a chain 


gi4506181 


25 882 


6.92 


11 


59 


80 


2.52 + 0.11, 


Proteasome p chain 


gi4506193 


26 472 


8.27 


9 


46 


84 


3.85 + 0.17 



Expression fold is designated as the ratio of CpG-ODN treated over control 

a) . NCBI accession number 

b) Swiss-Prot accession number 



Table 6.. List of proteins modulated by 16 and 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot M, 


P' 


Match- 


Cover- 


Score 


Expression fold 




no; 


(theor.) 


(theor.) 


ed no. 


age% 




16h 


25h 


Cyclophilin A 


P05092 


17 870 


7.82 


5 


35 


62 


2.53 + 0.02 


2.48 ± 0.15 


78 kDa glucose regulat- 


P1 1021 


72 288 


5.07 


13 


30 


148 


0.61 + 0.04 


0.29 + 0.06 


ed protein (grp78) 


















HSP27 


P04792 


22 768 


5.98 


12 


59 


124 


1.00 + 0.01 


2.61 ± 0.12 


Heat shock cognate 


P11142 


70 854. 


5.37 


16 


34 


114 


0.64 ± 0.01 


0.31 + 0.03 


70 kDa protein 
















ihsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 


30 


58 


1.31 + 0.01 


2.58 + 0.03 


protein 


















Phosphoglycerate 


P00558 


44 284 


7052 


11 


33 


71 


2.32 ± 0.11 


4.23+0.19 


kinase 
















Pyruvate kinase 


P14618 


57710 


7.95 


17 


32 


114 


1.65 + 0.07 


2.70 + 0.12 


40s ribosomal protein 


P08865 


32 833 


4.79 


5 


23 


61 


0.33 + 0.02 


0.35 + 0.05 


SA IRSP40) . 















Table 7. List of truncated proteins detected in THP-T cells after 25 h CpG-ODN treatment 



Protein name Swiss-Prot 
no. 


M, 

(obs.) 


(obs.) 


Matched 
no. 


Cover- 
age% 


Score 


Expression 
fold 


94 kDa glucose-regulated P14625 


-59 700 


-5.00 


12 


14 


104 


New*' 


protein Igrp94) 














Truncated form of grp78 P1 1021 


-25000 


-5.30 


12 


22 


75 


New 


Truncated form of hsc70 P11142 


-22 000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 P11142 


-19 000 


-6.10 


11 


18 


113 


New 


a) New designated proteins detected in the CpG-ODN trealed gel but not in the corresponding control gel 



3.4 Comparison of microarray and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THP-] cells with CpG-ODN. Besides enoyl-coenzyme A 
hydratase, there was poor correlation between the expression 



of genes and their corresponding proteins (Table 8), sug : 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and! PYK) that were induced after 16h 
CpG-ODN treatment arid determined their mRNA levels by 
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Figure 4. 2-D gel eleclrophoretic analysis of CpG-ODN-treated 
THP-1 cells. (A) Total cell protein from unstimulated THP-1 cells 
was subjected to 2-DE.. IB) THP-1 cells were treated with or with- 
out 1.5 mm CpG-ODN (or defined times. Cellular proteins were 
extracted and separated by 2-DE. Several up-regulated proleins 
are shown in the SYPRO Ruby staining gel. Comparison o» CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
protons changed in intensity by over 80%. The experiment was 
repeated three times with similar results. 



(A) 



hsp27/ i^£l«L» , - , i » 

hsc7B 2$ m&&m"~ v 



66kOa> 



33kDa 



*0Jh. : 




Figure 5. 2-D gel eleclrophoretic analysis ol CpG ODN-treated 
THP-1 cells. THP-1 cells were treated with or without 1 5 „m CpG- 
ODN lor defined times. Cellular proteins were extracted and 
separated by 2-DE. Protein spots were detected by SYPRO Ruby 
staining. IA) Exp.ession of HSP27 was induced by increasing the 
penod of CpG-ODN stimulation. A truncated lorm of hsc70 was 
delected on the gel. (B) The native fo,m of g,p78 was detected in 
untreated cells, while the truncated form of grp78 was observed 
after 25 h stimulation. The experiment was repeated three times 
with similar results. 
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Table 8. Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 


Gene 


Protein 




expression 


expression 




fold from 


fold from 




microarray 


2-D gel 



Enoyl-Coenzyme A hydrolase 
Eukaryotic translation 

elongation factor 
HSP60 
. HSP90-beta 
Proteasome a chain 
Proteasome P chain 



1.72: 
0.95: 



0.31 
0.01 



0.94 i 0.07 
1^58 ±0.11 
0.98 ± 0.03 
1.09 + 0.11 



2.52 ± 0.05 
3.41 ±0.21 

2.78 ± 0.03 
2.36 ± 0.10 
2.52 ±0.1t 
3.85 ± 0.17 



RT-PCR. Our results showed that mRNA levels of PYK 
increased after 16h CpG-ODN treatment, while mRNA 
levels of PGK were dramatically increased after 24h stimu- 
lation (Fig. 6). In addition, we also performed enzyme -activ- 
ity analysis and found that the activity of PG K and PYK were 
3.5 



(A) 

□ GpC-ODN 
£ 2-5 -J- E CpG-ODN 



2 - 
1.5 
1 

0.5 



4 8 16 

Time (h) 



24 




4 8 
Time (h) 

Figure 6. Activities of PYK and PGK induced by CpG-ODN. THP1 
cells were stimulated with medium alone. 1.5 um GpC-ODN (as 
the negative control) or CpG-ODN for the indicated times. Cell 
lysotes were extracted and assayed lor IA) PYK and IB) PGK ac- 
tivities. Data lepresent mean ± SEM. |n= 3). 
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Figure 7. Induction of PYK and PGK. transcripts by CpG-ODN. 
THP1 cells were stimulated with medium alone, 1.5 |im GpC-ODN 
or CpG-ODN for the indicated times. RT-PCR was then performed 
to analyze gene expression, (i-octin was used as an internal con- 
trol. The experiment was repeated three times with similar 
results. 



indeed increased by a factor ~2.5 after CpG-ODN stimula- 
tion (Fig. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected in 2-D gel anary-r 
sis, we used more sensitive and specific Western blotting 
analysis. As shown in Table 3 and Fig. 2, ARF-3 was identi- 
fied in the miaoarray gene profile but not in the proteomic 
expression profile. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN stimulation by 
"Western blotting. Moreover, to investigate whether the up 
regulation of ARF-3 by CpG-ODN is mediated through the 
TLR9 pathway, TLR9-deficient HEK293 cells were transiently 
cotransfected with hTLR9 and luciferase-reporter gene driv- 
en. by a NF -KB-dependent promoler. Our data showed that 
NF-kB activity of untransfected HEK293 cells were not 
responsive to CpG-ODN stimulation, while in transfected 
HF.K293 cells expressing hTLR9, NF-kB luciferase activity 
was up-regulated J 2-fold after 8h CpG-ODN stimulation. 
The activation of NF-kB induced by CpG-ODN was blocked 
by. pretreatment of the transfected cells with an ARF-3 in- 
hibitor, such as brefeldinA (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after the interaction of 
CpG-ODN with TLR9. 



4 Discussion 

In this study both microarray and proteomic approaches 
were used to evaluate the effect of CpG-ODN on gene/pro- 
tein expression profiles ofTHP-J cells at several time points. 
Comparison of the gene expression profiles showed that 
stimulation of the cells with CpG-ODN for different periods 
of time resulted in different profiles (Tables 1-4). The differ- 
ences in mRNA expression between the cells with short and 
long stimulation could be attributable to the low reproduci- 
bility. However, to avoid experimental variations, we not only 
used the same batch of microarrays from the same manu- 
facturer but also applied the samples of short and long term 
stimulation at the same time. In this way. we found that the 



903 

changes in expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM fTable4).Amorelikdy e^hnationformediirerence 
in the expression level of mRNA after different periods of 
stimulation with CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological functions. For example, we 
found that the IL-18 receptor accessory protein from THP-i 
cells was upregulated after 2h of CpG-ODN stimulation. 
The 1L-18/IL18R system is known to activate Thl-mediated 
immune responses that play a critical role in host defense 
against infection [26]. Together with 1L-18/IL18 R, several 
genes for antimicrobial defense were also increased, includ- 
ing thioredoxin, Pro- Pol-dtTTPase polyproteiri and Spl40. 
After 8h of CpG-ODN stimulation, however, none of these 
genes was activated any more (Table 4); Since sustained or 
excessive production of these antimicrobial molecules might 
lead to inflammation and cellular damage [27], a plausible 
explanation is that TBP-1 cells fight against the invasion of 
pathogens by up-regulating antimicrobial defense-associated 
genes at an early stage of stimulation and then shut them 
down to avoid over-activation. Whether this explanation is 
true remains to be verified. 

It is noteworthy that our data also identified the upreg- 
ulatipn of several anti-inflammatory associated genes after 
8 b of CpG-ODN stimulation. These genes included FPRL1, 
1L-10 receptor, vitamin D receptor, and LxR (Table 3). FPR 
and FPRL1 have been defined as chemotactic factors 
involved in host defense against bacterial infection and in the 
clearance of damaged tells. Additional studies have indicated 
that FRPL1 interacts with a menagerie of structurally diverse 
pro- and anti-inflammatory ligands associated with diseases, 
including amyloidosis, Alzheimer's diseases, prion disease 
and HIV (28, 29]. Ther efore, FPRL1 may play an important 
role in regulating and/or balancing the production of pro- 
and anti-inflammatory molecules in CpG stimulated THP-1 
cells. Additionally, a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflammatory gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyclooxygenase and 1L-6 in response to bacterial 
infection or LPS stimulation [30], Of interest, we found that a 
transcription factor gene corinexin 59, a regulator of 1L-6 
expression, was up-regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
cells for 2h may induce- the expression of the pro-inflamma- 
tory cytokine 1L-6 through the up-regulatipn of the connexin 
59 gene, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit IL-6 production. 

Signal transduction molecules play an important role in 
cellular activation. Intracellular signal transduction systems 
employing various intermoleculaT interactions through 
docking elements, including SH 2 and SH3 domains, have 
been reported |31-33], Here we found that THP-1 cells 
treated with CpG-ODN for 2 h up-regulated gene expression 
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of Grb2-like protein (which contains an SH3 domain), while 
8h of stimulation induced Nek, Ash and phospholipase C 
binding protein (NAP4 which contains an SH2 domain). It is 
thus possible that Crb2-like protein and NAP4 may play 
important roles in CpG-ODN mediated signaling pathways. 
Furthermore, recent studies have also revealed that binding 
of CpG-DNA to TLR9 results in activation of JNK [34]. Since 
JNK is activated by Nek adaptor protein and Nek interacting 
kinase [35, 36], it is possible that CpG-ODN may activate JNK 
via up-regulation of NAP4. Although a recent publication 
described the gene expression profiles of a cultured mouse 
macrophage cell line after CpG-DNA stimulation [34], their 
mia-oarray results were only conducted at one time-point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG- 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tein levels (Table 8). Similar discordance between the 
expression partem of genes and proteins was also reported in 
other system using different stimuli [37-41]. The dis- 
cordance between mRNA and protein levels could be due to 
screening capability such as detection sensitivity, choice of 
cut-off point, quantitativity of microarray and 2-D. gels, as 
well as time discrepancy between gene and protein expres- 
sion |39. 40, 42, 43]. Alternatively, it could also be explained 
by post-trancriptional events, such as alternative splicing or 
PTM [39, 40, 42, 43]. Another possible explanation is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins. The intensity of each spots does not neces- 
sary represent total amount of a certain protein and thus 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blotting 
results ( C .g., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining, the total amount rather than iso- 
forms of a given protein, seems to suggest that formation of 
isoforms should be carefully taken into consideration when 
one tries to correlate mRNA and protein expression data. 

Using a proteomics approach, we found that CpG-ODN 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as macrophage capping protein, cydophilin and protea- 
some a and 0 chain etc. HSPs are the most atundant and 
ubiquitous soluble intracellular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
deprivation, microbial infection and cancer [44]. They func- 
tion as molecular chaperones to prevent protein aggregation 
and contribute to the folding of nascent and altered proteins 
In addition, they are able to regulate immune responses 
including production of inflammatory cytokines and che- 
molo'nes and activation or maturation of immune cells [45 
46]. Beside HSPs, cydophilin as well as proteasome a and p 
chain have also been reported to be involved in the immune 
response . |39. 47]; proteasome p chain is consistently up- 
regulated in human neutrophils Mowing LPS exposure |39] 
Our finding that the protein levels of HSPs. cydophilin. and 
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proteasome a and 0 chain were increased after CpG-ODN 
treatment suggests that these. molecules might play a role in 
the immunostjmulating effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study. Proteomic anal- 
ysis also showed that truncated forms of grp78, grp94 and 
hsc70 were induced, a phenomenon similar to caJretioum 
observed by Richards and his coworkers [48]. The expression 
of full length hsc70 and grp78 were decreased while the 
levels of their truncated derivatives was increased after CpG- 
QDN treatment. These-results suggest that the degradation 
of these proteins has been enhanced. We also found that 
proteosome a and B chains as well as ubiquitin specific pro- 
tease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 remains to be elucidated. 

Cells rely on multiple signaling pathways to determine 
therr fates of survival, proliferation or apoptosis [49J. In fact 
apoptosis plays an important role in regulating pathogen' 
infection. To be able to grow and replicate in the target cells 
pathogens may have to block apoptosis. Results from several 
laboratones have made it dear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli [48, 50] by binding to Akt and subsequently medial- 
mg anti-apoptotic activity through activation of Akt [51-53] 
Since our data revealed that CpG-ODN induced the expres- 
S!on of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs. 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes assodated 
with tumor progression arid cell proliferation. Among these, 
one gene, W1SP-2, was up-regulated by. CpG-ODN after both 
2 and 8h stimulation. WISP genes were first identified as 
downstream targets of the Wnt -Ip-catenin signaling path- 
way. They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54]. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating W1SP-2. In addi- 
tion, we found that some genes assodated with neurode- 
generation or neuroprotection, such as FPRU, NMDAR 
(NMDA) receptor, PKC and dishevelled 3 were up-regulated. 
To our knowledge, this is the first report to suggest an asso- 
ciation between these genes and CpG-ODN stimulation. As 
mentioned above, FPRU plays a crurial role in proin- 
flammatory aspects of systemic amyloidsis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
|28). NMDAR, PKC and disheveled are involved in modulat- 
ing amyloid precursor protein metabolism, which is central 
to the pathogenesis of Alzheimer's disease |55-57J. Most 
notably, recent studies have shown that the TLR4-dependent 
pathway is involved in neurodegeneration of the central 
nervous system [58]. Whether CpG-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be eluddated. 
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Figure 8. ARF-3 participates in the CpG-ODN-TLR9-NF -xB path- 
way. HEK293 cells were cotransfectcd with P 5xNF-xB and human 
TLR9: After overnight transfection, the cells were incubated with 
or without 1.5 u.M CpG-ODN for 8h in the presence or absence of 
increasing concentrations of the ARF-3 inhibitor brefeldih A. 
After incubation, cells were lysed and NF-xB luciferase activity 
was measured. Data represent mean ± SEM. (n = 3). 

Exposure of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
|34, 39]. Our microarray data also revealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty acid oxidation, such as enoyl-coenzyme A hydratase, 
propionyl coenzyme A carboxylase and cytochrome p450 
were activated by CpG-ODN treatment. In addition, we found 
that other proteins such as ARF-3 were up-regulated (Table 3, 
Fig. 8). ARFs are 20 kDa GTPases of the ras superfamily that 
are critical to vesicular trafficking, including exocytic protein 
transport and endocytosis [59, 60], This study demonstrates 
for the first time that ARF-3 is involved in theactivatibn of N F- 
kB induced by CpG-ODN (as shown in Fig. 8) 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent pathway |J8, 21, 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on all 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chro- 
mosomes simultaneously or subsequently via cascades of 
cellular messengers. More studies are needed to elucidate its 
mechanism of actions. 



5 Concluding remarks 

In summary, by using microarray and proteomic approaches 
to evaluate. the effect of CpG-ODN at different time points, 
we have found that genes/proteins regulated by CpG-ODN 
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are related to inflammatory responses, antirniaobial defense, 
transcriptional regulalion, intracellular signal transduction, 
tumor progression, cell differentiation, proteolysis, anti-apop^ 
tosis as well as neuroclegeneration and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathway 
and contribute to further understanding of mechanisms that 
link innate immunity with acquired immune response(s). 
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Cytokeratin 20 (CK20) is an epithelial protein expressed almost exclusively in the 
gastromtestmal (Gl).tract and is widely used as immunohistochemical marker for routine 
d.agnosrs. In contrast, CK20 gene expression is not an established marker for the 
classification of tumours and me detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
proved the means for reproducible and quantitative investigation of molecular marked 
Th s report d.ectly compares CK20 mRNA and protein expression in serial sections of 
archival, formahn-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas COO 
expression was detected by immunohistochemistry (IHC) in 60/63 (95.2%) cases by 
convenhonal RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using Z " 
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Expression of the multidrug resistance-associated protein (MRP) mRNA 
and protein in normal peripheral blood and bone marrow haemopoietic 
cells. 

Lcgrand O, Pcrrot JY . Tang R . Simonin G . GurbuxaniS, Zittoun R , Marie JP . 

Laboratoire de Cinetique et de Cultures Cellulaires, Hotel Dieu, Paris, France. 

We studied the expression of multidrug resistance-associated protein (MRP) in normal 
haemopoietic cells from peripheral blood and bone marrow. The MRP mRNA levels 
were estimated by RT/PCR and in situ hybridization (ISH) assay, and the protein levels 
by flow cytometry. 21 samples of peripheral blood and 21 samples of bone marrow (1 1 
normal bone marrow donors, 10 patients in complete remission after chemotherapy for 
large cell lymphoma or acute myeloid leukaemia) were analysed. In peripheral blood the 
mean MRP mRNA level in CD3+ cells was statistically higher than in the other cells (3- 
fold by the methods used). The levels of MRP in CD3+ varied from one individual to 
another (4.5-34.8 units by RT/PCR and 5-23 grains/cell by ISH); however, this was 
proportional to the variation in all the cell lineages of same individual (r = 0.84). In bone 
marrow the mean MRP levels of the various cell lineages (including CD34+) were 
similar to the basal level in HL60 cells. Individual expression levels were again variable; 
however, there was no difference between untreated normal bone marrow and post 
chemotherapy normal bone marrow. MRP protein expression was determined by flow 
cytometry with the monoclonal antibody MRPm6. The CD4+ lymphocytes exhibited a 
higher MRP protein expression than the other cell lineages, including CD8+ cells. There 
was a good correlation between the three methods used (RT/PCR and ISH, P = 0.0001, r 
= 0.87; RT/PCR and flow cytometry, P = 0.000 1 , r = 0.85; ISH and flow cytometry P = 
0.002, r = 0.67). 
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Vascular endothelial growth factor enhances cardiac allograft 
arteriosclerosis. 

Lemstrom KB, Krebs R , Nylcancn AI , Tikkanen JM . Sihvola RK . Aaltola EM, 
Hayry PJ , Wood J , Alitalo K . Yla-Herttuala S. Koslciacn PK . 

Cardiopulmonary Research Group, Transplantation Laboratory, University of Helsinki 
and Helsinki University Central Hospital, Helsinki, Finland. Karl.Lemstrom@helsinki.fi 

BACKGROUND: Cardiac allograft arteriosclerosis is a complex process of alloimmune 
response, chronic inflammation, and smooth muscle cell proliferation that includes cross 
talk between cytokines and growth factors. METHODS AND RESULTS: Our results in 
rat cardiac allografts established alloimmune response as an alternative stimulus capable 
of inducing vascular endothelial growth factor (VEGF) mRNA and protein expression in 
cardiomyocytes and graft-infiltrating mononuclear inflammatory cells, which suggests 
that these cells may function as a source of VEGF to the cells of coronary arteries. Linear 
regression analysis of these allografts With different stages of arteriosclerotic lesions 
revealed a strong correlation between intragraft VEGF protein expression and the 
development of intimal thickening, whereas blockade of signaling downstream of VEGF 
receptor significantly reduced arteriosclerotic lesions. In addition, in cholesterol-fed 
rabbits, intracoronary perfusion of cardiac allografts with a clinical-grade adenoviral 
vector that encoded mouse VEGF(I64) enhanced the formation of arteriosclerotic 
lesions, possibly secondary to increased intragraft influx of macrophages and 
neovascularization in the intimal lesions. CONCLUSIONS: Our findings suggest a 
positive regulatory role between VEGF and coronary arteriosclerotic lesion formation in 
the allograft cytokine microenvironment. 
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CHAPTER 29 

Regulation of transcription 



3 ■ 



i : The phehotypic differences that distinguish the 
; various kirids of cells in a higher eukaryote are 
: largely due lo differences in the expression of 
; genes that code for proteins, that is, those tran- 
; scribed by RNA polymerase IJ. In principle, the 
■ expression of these genes might be regulated at 
; any one of several stages. The concept of the 
; "level of . control" implies that gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulated in a gene- 
specific way at any. one of several sequential 
sicps. We can distinguisli (at least) five poten- 
tial control points, forming the series: 

Activation of gene structure 
I 

Initiation of transcription 
I 

Processing the transcript 
J- 

Transport to cytoplasm 

■ I ' 
Translation of mRNA 

The existence of the first step is implied by 
'he discovery Dial genes may exist in either of 
two structural conditions. Relative to the state 
or most of the genome, genes are round in 
an "active" state in the cells in which they 
•ire expressed (see Chapter 27). The change of 
structure is distinct from the act or transcrip- 
tion, and indicates that die gene is "uanscrib- 
able." This suggests that acquisition of the 
"active* structure must be the first step in «enc 
expression. 

Transcription of a gene in Ihc nciive slnie is 



controlled at the stage of initiation, that is, by 
. the interaction of RNA polymerase with its pro- 
moter. This is now becoming susceptible lo 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point; probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eukary- 
otic cells, for example, via anUtermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5'. end, and usually also by polyadenyla- 
tion at the 3' end: Introns must be spliced out 
from the transcripts of interrupted genes. The 
mature RNA must be exported from die nucleus 
to the cytoplasm. Regulation of gene expression 
by selection of sequences at die level of nuclear 
RNA might involve any or all of these stages, 
but die one for which wc have most evidence 
concerns changes in splicing; some genes are 
expressed by means of alternative splicing pat- 
terns whose regulation controls die type of pro- 
tein product (see Chapter 30). 

Finally, the translation of an mRNA in the cyto- 
plasm can be specifically controlled. There is little 
evidence for the employment of this mechanism in 
adult somatic cells, but it Joes occur in some 
embryonic situations, as described in Chapter 7. 
T he mechanism is presumed lo involve die Mock- 
ing of initiation of translation of some mKNAs bv 
specific protein factors. 

But having acknowledged thai control of gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably he 
eq.iaieU with production of protein, ■! is "clear 
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848 I Chapter 29 



that Ihe overwhelming majority of regulatory 
events occur at Ihe initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of euiaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements 'identity genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a promoter element that is recognized 
by a regulatory transcription factor. An element 
thai causes a gene to respond to such a factor 
is called a response element; examples are the 
. USE (lieat shock response element), GRE 
(glucocorticoid' response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
Ihey contain short consensus sequences, anil 
copies of ihe response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short distance on either side of 



Tabls 29.1 Inducible transcription factors bind to* 
' response elements thai identify groups of promoters . 
• ' or enhancers si/^ect to coordinate control. 



Regulatory Agenl Module Consensus Factoi 

Heal shock USE CNNGAANN7CCNNG HSTF 

Glucocorticoid GRE TGG7ACAAA7GTTC7 Receptor 

Phorbol ester IRE 7GACTCA API 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at . fixed distances from 
the startpoinl, but are usually <200 bp upstream 
of iL The presence of a single element usuaUy 
is sufficient to confer, the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other: 
usually .in USE is found in a promoter, while a 
GRE is found in an enhancer. We assume that 
all response elements function by the same 
genera] principle. A' gene is regulated by a 
sequence at the promoter or enttancer that is 
recognized by a specific protein. 77ie protein 
functions as a transcription factor needed for 
RNA polymerase to initiate. Active protein is 
available only under conditions when the gene is 
to be expressed; its absence means that the pro- 
moter is not activated by this particular circuit. 

An example of a situation in which many 
genes are controlled by a single factor is pro- 
vided by the heat shock response. This is com- 
mon to a wide range of prokaryotes and 
eukaryofes and involves multiple controls of 
gene expression: an increase in lemperalure 
turns off transcription of some genes, turns on 
transcription of the heat shock genes, and 
causes changes in the translation of mRNAs. 
The control of the heat shock genes illustrates 
the differences between prokaryotie and 
eukaryotic modes of control. In bacteria, a new 
sigma factor is synthesized thai directs RNA 
polymerase boloenzyroe lo recognize an nllcr- 
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Retinal preconditioning and the induction of heat-shock protein 27. 
LiX RothS, LascrM, MgJX, Crosson CE . 

S~i°£^ lm0,0gy ' M «-> of So Ut K Chacon, Son,,, 

PURPOSE: Brief periods of ischemia have been shown to nrnferf t ^ ^ 

u wiiu J5t-uemic preconditioning were evaluated MFTHTOD^:- ti\,;i„, i • . 
ischemia was created in Lone-Evans and%n™,„> n 7' Mbl " UL)b - Unilateral retinal 

« second ischemic even,. 60 minutes in Sr^S^ ^J"*" "° 
Hsp with taction,! potion of the retioTS chore ^^STfT ^ 
and sham-treated animals retinal Hso27 -70 and 0n m nw7 ^ nconlro1 
Louts after retinal preconditioning levels It W f FiV ' 
levels, and 24 hours „,er, ■W^^ J 5£'£X^t~ 

PMID: 12601062 [PubMed - indexed for MEDLINE] 
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Enhanced expressions of arachidonic acid-sensitive tandem-pore domain 
potassium channels in rat experimental acnte cerebral ischemia. 

LiZB, ZbangHX, LiLL, Waa^XL. 

To farther explore the pathophysiological significance of arachidonic acid-sensitive 
potass.um channels, RT-PCR and Western blot analysis were used to inveS £ 
expression changes of TREK channels in cortex and hippocampus i a , Z^ll 

mcortex, TREK-l and TREK-2 mRNA in hippocampus showed significant increase 2 h 
after m.ddle cerebral artery occlusion (MCAO). While the mRNA SSLhTof 
the all thre. channel subtypes increased significandy 24 h after MCAoTnTrt x aid 
iS At the Sa ™ ^ ^e protein expressions of all the three ha™ TZLs 

Irnmutohfl f ? expression 2 h after MCAO in cortex and hippocampus 
Immunoh lS tochermcal experiments Verified that all the three channel proteins^ hirfier 
Z elS m C ° rtiCal Md hl 'PPO— Pal neurons 24 h after MCAO These results 

TS^U^f^ betWCen ™ K " - ^ -ebraHscTer ■ 
KE1C channels m lg ht provide a neuroprotective mechanism in the pathological process. 

PMU>: 15652517 [PubMed - indexed for MEDLINE] 
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Increasing expression of tissue plasminogen activator and plasminogen 
activator inhibitor type 2 in dog gingival tissues with progressive 
inflammation. 

Lmdberg P , Khmby_B, Lecander I , LangJjP, Matsson L . 

Center for Oral Health Sciences, Malmo University, S-214 21 Malmo, Sweden 
pia.Iindberg@od.rhah.se ■ 

ZtrZt T\ tisSUe - t yP e :P lasmin °gea activators (u-PA and t-PA) are serine proteases 
tha convert plasm.nogen mto plasmin, which degrades matrix proteins and activates 
rneta loprote.nases. The PAs are balanced by specific inhibitors (PAI-- 1 and PAI-2) 
Local production of t-PA and PAI-2 was recently demonstrated in human gingival 
hssues. The mm now was to investigate the production and localization of t-PA and PAI- 
-2 in gingival tissues from dogs in three well-defined periodontal conditions- clinically 
healthy gingiva, chronic gingivitis and an initial stage of ligature-induced loss of 
attachment. At the start of the experiment the gingiva showed clear-signs of 
inflammation. Clinically healthy gingi va were obtained after 21 days period of intense 

some rSrt n R ^ f ^ by pIadng ™ bber H S atUres »«* of 

some teeth. Biopsies were taken from areas representing the different conditions and 

prepared for in situ hybridization and immunohistochemistry. In clinically healthy 

gingiva both t-PA mRNA and antigen were expressed in a thin outer .ayer of the sulcular 

SiT?T?- CP N ° t ~ PA Signa ' S ° r St3ining Were seen m connective tissue. Both 
™ • ^ g , ™ ostainin g for t-PA were stronger in chronic gingivitis. In 
• areas wifc loss of attachment, t-PA mRNA as well as antigen were foundln The sulcular 
and junctional epitheha to a similar degree as in gingivitis. Occasionally the connective 
tissue was involved especially in connection with vessels. PAI-2 mRNA was seen in a - 
thin outer layer of the sulcular and junctional epithelia in clinically healthy gingiva but 
no signals were seer, in connective tissue. PAI-2 antigen was found primarily in the 
outer layer of the sulcular and junctional epithelia. Some cells in the connective tissue 
were stained. In gingivitis, PAI-2 signals were mainly found in the same locations, but 
more intense , and extendmg towards the connective tissue. Immunostaining was seen in 
the outer half of the sulcular and junctional epithelia as well as in the upper part of the 
connective t.ssue, close to the sulcular epithelium. In sites with loss of attacLent, PAI- 
2 mRNA was found throughout the sulcular and junctional epithelia, as was the antigen 
which stained intensely. No PAI-2 mRNA was seen in connectivetissue- die antigen was 

PA"! 5 PAf t • eSPeCia " y T VeSSdS - TH,S Study Sh ° WS ** the «P^«« o^oth t 
PA and PAI-2 increases with experimental gingival inflammation in the dog and 

fiirthennore, the two techniques demonstrate a strong correlation between the 
topographical distribution of the site of protein synthesis and the tissue location of the ' 
antigens for both t-PA and PAI-2. The distribution correlates well with previous 
findings in humans. • . . 
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Effect of duration of fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

Macabeo-Onr lVT, GigzingcrDG, Dekker N . McMillan A . Regezi JA Woug DT 
Jordan RC . ' b ' 

Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in rumor tissues and correlate 
these findings with clinical outcome. Because there are few. tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
.quantify messenger RNA (mRNA) from formalin-fixed, paraffin-embedded tissue 
sections, are needed. Recovery of RNA from routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however the 
effects of formalin fixation have not been well studied. We used a proteinase K-sal't 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect offormalin fixation for 24, 48, and 72 hours and for 1 week in normal (2) oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fresh 
and 36 formalin-fixed samples. We also compared mRNA and protein expression levels 
using immunohistochemistry for epidermal growth factor receptor (EGFR) matrix 
metalloproteinase (MMP)-l, p 21, and vascular endothelial growth factor (VEGF) in 15 
randomly selected and routinely processed oral carcinomas. We were able to extract 
KN A suitable for quantitative reverse transcription (RT) from all fresh (9/9) and 
fonnahn-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found that prolonged formalin ■ 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for p21 and EGFR 
Comparisons i of quantitative RT polymerase chain reaction and immunohistochemistry ' 
showed that for all markers, except P 21, there was good correlation between mRNA and 
protein levels. p21 mRNA was overexpressed in only one case, but protein levels were 
elevated m all but one tumor, consistent with the established translation^ regulation of 
' ieSUltS Sh ° W th3t KUA Can be re,ia Wy isolated from formalin-fixed paraffin- 

embedded tissue sections and can produce reliable quantitative RT-PCR data However 
results for some markers are adversely affected by prolonged formalin fixation times. ' 

PMID: 12218216 [PubMed -.indexed for MEDLINE] 



269^Am J Pathol. 1999 Sep; 1 55(3):8 1 5-22. Related Articles. Links 



Id-1 and Id-2 arc overcxpressed iu pancreatic cancer and iu dysplastic 
lesions in chronic pancreatitis. 

Maruyama H , Klceff J, Wildi S , Fricss H . Bucl.ler MW. Israel MA . Korc M . 
Division of Endocrinology, Department of Medicine, University of California, Irvine, 

vJo/V. 

Id proteins antagonize basic helix-loop-helix proteins, inhibit differentiation, and enhance 
cell proliferation. In this study we compared the expression of Id-1, Id-2 and Id-3 in the 
normal pancreas, in pancreatic cancer, and in chronic pancreatitis (CP). Northern blot 
analysis demonstrated that all three Id mRNA species were expressed at high levels in 
pancreatic cancer samples by comparison with normal or CP samples. Pancreatic cancer 

^ uentl y expressed all three Ids, exhibiting a good correlation between Id 
mRNA and protein levels, as determined by immunoblotting with highly specific anti-Id 
anybodies. Immunohistochemistry using these antibodies demonstrated the presence of 
taint Id-1 and Id-2 immunostaining in pancreatic ductal cells in the normal pancreas 
whereas Id-3 irnmunoreactivity ranged from weak to strong.In the cancer tissues, many 
of the cancer cells exhibited abundant Id-1, Id-2, and Id-3 immunoreactivity. Scoring on 
he basis of percentage of positive cells and intensity of immunostaining indicated that 
ld-1 and Id-2 were increased significantly in the cancer cells by comparison with the 
respective controls. Mild to moderate Id immunoreactivity was also seen in the ductal 
cells m the CP-like areas adjacent to these cells and in the ductal cells of small and 
mterlobular ducts in CP. In contrast, in dysplastic and atypical papillary ducts in CP Id-1 
and ld-2 immunoreactivity was as significantly elevated as in the cancer cells These 
landings suggest.that increased Id expression may be associated with enhanced 
proliferative potential of pancreatic cancer cells and of proliferating or dysplastic ductal 
cells in CP. . 
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ld-1 and ld-2 Are Overexpressed in Pancreatic 
Cancer and in Dysplastic Lesions in 
Chronic Pancreatitis 



Haruhisa Maruyama,* Jorg Kleeff,* Stefan Wildi.* 
Helmut Friess^ Markus W. Buchler, 1 " 
Mark A. Israel * and Murray Korc* 

prom the Division of Endocrinology, Diabetes, and Metabolism;. 
Departments of Medicine, Biological Chemistry and 
Pharmacology, University of California, Irvine, California; the 
Department of Visceral and Transplantation Sttrgety, 1 University 
of Bern, Bern, Switzerland; and the Preuss Laboratory* 
Department of Neurological Surgety, University of California, 
San Francisco, California . 



Id proteins antagonize basic helix-loop-belix pro- 
teins, inhibit differentiation, and enhance cell prolif- 
eration. In this study we compared the expression of 
ld-1, ld-2, and ld-3 in the normal pancreas, in pan- 
creatic cancer, and in chronic pancreatitis (CP). 
Northern blot analysis demonstrated that all three Id 
mRNA species were expressed at high levels in pan- 
creatic cancer samples by comparison with normal or 
CP samples. Pancreatic cancer cell lines frequently 
coexpressed all three Ids, exhibiting a good correla- 
tion between Id mRNA and protein levels, as deter- 
mined by imxminoblotting with highly specific ami-Id 
antibodies. Immunohistochemistry using these anti- 
bodies demonstrated the presence of faint Id- J and 
ld-2 immunostaining in pancreatic ductal cells in the 
normal pancreas, whereas ld-3 immunoreaclivity 
ranged from weak to strong. In the cancer tissues, 
many of the cancer cells exhibiled abundant ld-1, 
Jd-2, and ld-3 immunoreaclivity. Scoring on ihe basis 
of percentage of positive cells and intensity of immu- 
nostaining indicated that Id ] and )d-2 were increased 
significantly in the cancer cells by comparison with 
Ihe respective controls. Mild to moderate Id immuno- 
reaclivity was also seen in the ductal cells in the 
CP-like areas adjacent to these cells and in the ductal 
cells of small and interlobular ducts in CP. In con- 
trast, in dysplastic and atypical papillary ducts in CP, 
ld-1 and ld-2 immunoreaclivity was as significantly 
elevated as in the cancer cells. These findings suggest 
that increased Id expression may be associated with 
enhanced proliferative potential of pancreatic cancer 
cells and of proliferating or dysplastic ductal cells in 
CP. (Am J Pathol J9'J% 155:815-822) 



Basic helix-loop-helix (bHLH) proteins play an important 
role as transcription factors in cellular development, pro- 
liferation, and differentiation: 12 The basic domain of the 
bHLHs is required for binding to an E-box DNA se- 
quence, thus promoting transcription of specific target 
genes. The HLH domain promotes dimer formation with 
various members of the bHLH protein family. 1 - 2 Ho- 
modimers of the class B family of bHLH proteins, includ- 
ing MyoD, NeuroD, and numerous other proteins, are 
known to activate tissue-specific genes. 3-5 These tissue- 
specific bHLHs typically form heterodimers with widely 
expressed class A bHLHs, which include proteins en- 
coded by E2A.E2-2, HEB. and other genes (also termed 
E-proteins). 6 9 These heterodimers activate transcription 
of genes that are associated with differentiation. 

Id genes encode a family of four HLH proteins that lack 
the basic DNA binding domain. 1 10 They act as dominant- 
negative HLH proteins by forming high affinity het- 
erodimers with other bHLH proteins, thereby preventing 
them from binding to DNA and inhibiting transcription of 
differentiation-associated genes. 10-12 Id gene expres- 
sion is down-regulated on differentiation in many cell 
types in vitro and in vivo. 13-18 In addition, Id proteins seem 
to be required for cell cycle progression Ihrough 6-,/S 
phase in certain cell types, and interaction between ld-2 
and pRB is associated with enhanced proliferation in 
some cell lines in vitro. 19-23 

Pancreatic cancer is the filth leading cause ol cancer 
death in. the United States, with a mortality rate that vir- 
tually equals its incidence rate. 24 This malignancy is oflen 
associated with the overexpression of a variety of mito- 
genic growth factors and their receptors, and by onco- 
genic mutations of K-ras and inactivation of the p53 tumor 
suppressor gene. 25 We have recently reported that pan- 
creatic cancers overexpress the HLH protein ld-2, and 
that enhanced expression of this prolein is evident in the 
cytoplasm of the cancer cells within the pancreatic tumor 
mass. 26 It is not known, however, whether the expression 
of other Id proteins is altered in this malignancy or 
whether their expression is altered in chronic pancreatitis 
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(CP), an inflammatory, disease that is characterized by 
•dysplastic ducts, foci of proliferating ductal cells, acinar 
cell degeneration, and fibrosis. 27 We now report that 
there is a five- to sixfold increase in ld-1 and ld-2 mRNA 
levels and a twofold increase in ld-3 mRNA ievels in 
pancreatic cancer by comparison with the normal pan- 
creas. In contrast, overall Id mRNA levels are not in- 
creased in CP. 



Patients and Methods 

Normal human pancreatic tissue samples from 7 male 
and 5 female donors (median age 41.8 years, range 
14-68 years), CP tissues from 13 males and 1 female 
(median age 42.1 years; range 30-56 years), and pan- 
creatic cancer iissues from 10 male and 6 lemale donors 
(median age 62.6 years; range 53-83 years) were ob- 
tained through an organ donor program and from surgi- 
cal specimens from patients with severe symptomatic 
chronic pancreatitis or pancreatic cancer. A partial 

. duodenopancreatectomy (Whipple/pylorus-preserving 
Whipple; n = 13), a left resection of the pancreas (n = 2), 
or a total pancreatectomy (/? = 1) were carried out in the 
pancreatic cancer patients. According to the TNM clas- 
sification of the Onion Internationale Contre le Cancer 
• (UICC) 6 tumors were stage 1, 1 was stage 2, and 9 were 
stage 3 ductal cell" adenocarcinoma. Freshly removed 
tissue samples were fixed in 10% formaldehyde solution 
for 12 to 24 hours and paraffin-embedded for histological 
analysis. In addition, tissue samples were frozen in liquid 
nitrogen immediately on surgical removal and maintained in 
-80°C until use for RNA extraction. All studies were ap- 
proved by the Ethics Committee of the University ol Bern, 
Bern, Switzerland, and by the Human Subjects Committee 

. at the University of California, Irvine. California. 

Northern Blot Analysis 

Northern blot analysis was carried out as described pre- 
. viously 26 - 20 Briefly, total RNA was extracted by the single 
step acid guanidinium thiocyanate phenol chloroform 
method. RNA was size-lractionated on 1.2% agarose/1.8 
mol/L formaldehyde gels; electrotransferred onto nylon 
membranes, and cross-linked by UV irradiation. Blots 
were prehybridized and. hybridized with cDNA probes 
and. washed under high stringency conditions. The fol- 
lowing cDNA probes were used: a 979-bp human ld-1 
cDNA probe, a 440-bp human ld-2 cDNA probe, and a 
450-bp human ld-3 cDNA probe, covering the entire 
coding regions of ld-1. ld-2. and ld-3, respectively. A 
fiamHI 190-bp Iragment ol mouse 7S cDNA that, hybrid- 
izes with human cytoplasmic RNA was used to confirm 
equal RNA loading and transfer. Blots were then exposed 
at -80°C to Kodak Biofvlax-MS films and the resulting 
autoradiography were scanned to quantify the intensity of 
the radiographic bands. 26 - 2 " For each sample the ratio of 
Id mRNA expression to 7S expression was calculated. To 
compare the relative increase in expression ol the re- 
spective Id mRNA species in the cancer and CP sam- 
ples, the same normal samples were used lor normal/ 
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Figure 1. mRNA expression of Id-), ld-2, and ld-3in pancreatic cancer and 
chronic pancreatitis. Total JtMA (20 ug/lane) From six normal, eight cancei- 
ous, and seven chronic pancreatitis Tissue samples were, subjected lo North- 
em blot analysis using 32 P-labeled cDNA probes (500,000 cpni/ml) specific 
Tor id-], ld-2, and ld-3, respectively. A 7S cDNA probe (50,000 cpm/ml) was 
used as a loading and transfer control. Exposure limes of the normal/cancer 
blots were J day for all Id probes, and 2 days for the normal/CP blots. 
Exposure time was 4 hours for mouse 7S cDNA.' By comparison with the 
normal samples, ld-1 and ld-3 mRNA levels were elevated in 8 and 9 cancer 
samples, respectively, whereas ld-2 was elevated in 6 cancer samples. 

cancer and normal/CP membranes. The median score for 
ld-1, ld-2. and ld-3 mRNA levels in these normal samples 
was set to 100. Statistical analysis was performed with 
SigmaStat software (Jandel Scientilic, San Raphael. CA). 
The rank sum test was used, and P < 0.05 was taken as 
the level ol significance. 

Cell Culture and Western Blot Analysis 

PANC-1. MIA-PaCa-2, ASPC-1, and CAPAN-1 human 
pancreatic cell lines were obtained from ATCC (Manas- 
sas, VA). COLO-357 human pancreatic cells were a gift 
from Dr. R. S. Metzger (Durham, NC). Cells were routinely 
grown in DMEM (COLO-357. MIA-PaCa-2. PANC-1) or 
RPMI (ASPC-1. CAPAN-1) supplemented with 10% fetal 
bovine serum.' 100 U/rnl penicillin, and 100 M g/ml strep- 
tomycin. For immunoblol analysis, exponentially growing 



Id Proteins in Pancreatic Diseases 817 
AJP September 1999, Vol. 155, No. 3 




I 2 kt>-» 




14kDa- 



mRNA 



_ Id-l 



•ilk ■ £35, ■ 

Protein 





mRNA 



ld-2 



Protein 



500 - 
400 - 


ld-3 


D 

,o 




300 - 


A 


□ 


1.3 kb-> 


200 - 


A 

°o 






100 - 

0 - 




3ft 


MkDo-* 



Normal CP Cancer 

Figure 2. Densiioroetoc analysis of Northern blots. A mora digraphs of 
Northern blots from )2 normal. 14 CP, and J 6 pancreatic cancers were 
analyzed by densitometry. mHNA levels were determined by calculating the 
ratio of ibe optical density for. the respective )d nillNA species in relation lo 
. the optical density of mouse 7S cONA. To compare ihe relative increase in 
expression of the respeaive Id mRNA species in die caiwrer and CP. samples, 
the same normal samples were used for normal/cancer and normal/CP 
membranes. Normal pancreatic tissues are indicated by circles, CP tissues bv 
triangles, and cancer tissues by squares. )}aia are expressed as median 
scores ± SI). By comparison with ihe normal samples, only the oncer 
samples exhibited significant increa.ses: 6.fj-fold (P < 0.01) for Id ), fivefold 
<P< 0.01) for ld-2. and twofold (P = 0.027) for ld-3. ' 



cells (60-70% confluent) were solubilized in lysis buffer 
containing 50 mmof/L Tris-HCl, pH 7.4, 150 mmol/L NaCI; 
1 mmol/L EOTA, 1 /xg/ml pepstalin A, 1 mmof/L phenyl- 
- melhylsulfonyl fluoride (PMSF), and 1% 7riton X-100. Pro- 
teins were subjected to sodium dodecyl sulfate polyacryl- 



ife^^^fcfi- mRNA 




Figure 3. Id mRNA and protein expression in pancreatic cancer cell lines. 
Upper panels:. Toiol UNA (20 ng/lane) from 5 panaeatic cancer cell lines 
were subjected to Northern blot analysis using -VP-labeled cONA probes 
(500,000 cpm/rol) specific for ld-) f )d-2, and ld-3, respectively. Exposure 
times were J day for all Id probes. Lower panels: Immunoblouing. Cell 
lysaies'OO /ig/lane) were subjected to SDS-PAGE. Membranes were probed 
with specific Jd-I, Jd-2, and ld-3 antibodies. Visualization was performed by 
enhanced cherniJuminescence. 



amide gel electrophoresis (SDS-PAGE), transferred to 
Immobilon P membranes, and incubated lor 90 minutes 
with the indicated antibodies and for 60 minutes with 
secondary antibodies against rabbit IgG. Visualization 
was performed by enhanced chemiluminescence. 



immunohistochemistry 

Specific rabbit anti-human Id- 1 (C-20). ld-2 (C-20), and 
ld-3 (C-20: all from Sanla Cruz Biotechnology, Santa 
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Figure 4. Normal and cancerous pancreatic tissues were subjecled lo immu- 
noslaining using highly specific anli-ld-J (A-C). anti-ld-2 (D-F). and anti-ld-3 

, (G-l) antibodies as described in the Methods section. Moderate 10 strong Id- J 
immunoreactiviry was present in the cytoplasm of duct-like cancer cells (A 
and C, left panel), in the normal pancreas there was weak ld-1 immunore- 
activity in the ductal cells (F3). Preabsoiption with the Id-l-specific blocking 
peptide abolished the ld-1 immunoreactivir)* (C, righl panel). Strong ld-2 
immunoreactiviry was observed in the cytoplasm of the cancer cells that 
exhibited duct-like structures I'D and F. left panel), whereas in the normal 
pancreas, there was'only weak ld-2 immunoreactiviry in the ductal cells (E). 
I'rearworpiion with the Id- 2-specific blocking peptide abolished the ld-2 
immunoreactiviiy (F. righl panel). Mixlerale to strong lcl-3 immunoreactiviiy 
was present in the duct-like cancer cells (G and I, lefl panel). Moderate to 
strong ld-3 immunoreactiviiy was also present in the ductal cells ol normal 
pancreatic tissue samples (H). ld-3 immunoieaclivity was completely abol- 
ished by pteabsorption with the ld-3 specific blocking peptide (i. righl 
panel). A, D, and G constitute setial sections of a pancreatic cancer sample. 

' revealing compression of the three Id proteins. Scale D3ts r 25 |im. 



Cruz, CA) polyclonal antibodies were used loi immunhis- 
lochemistry. These aflinity-purified rabbit polyclonal anti- 
bodies specifically react with Id- 1 , ld-2, and ld-3, i espec- 
tivery. ol human origin, as determined by Western 
blotting. Parallin-embedded seclions (4 ^m) were sub- 
jected to immunoslaining using the slreptavidin-peroxi- 
dase technique. Where indicated, immunoslaining lor all 
three Id proteins was perlormed on serial seclions. En- 



dogenous peroxidase activity was blocked by incubalion 
for 30 minutes with 0.3% hydrogen peroxide in methanol. 
Tissue sections were incubated (or 15 minutes (23°C) 
wilh 10% normal goat serum and then incubated for 16 
hours at 4°C with the indicated antibodies in PBS con- 
. taining 1% bovine serum albumin. Bound antibodies 
were detected with biotinylated goat anti-rabbit IgG sec- 
ondary antibodies and streptavidin-peroxidase complex, 
using diaminobenzidine tetrahydrochloride as the sub- 
strate. Sections were counterstained with Mayer's hema- 
toxylin. Preabsbrption with ld-1-, ld-2-, or ld-3-specific 
blocking peptides completely abolished immunoreactiv- 
iiy of the respective primary antibody. The immunohisto- 
chemical results were semiquantitatively analyzed as de- 
scribed previously. 29 ; 30 The percentage ol positive 
cancer cells was stratified into four groups: 0, no cancer 
cells exhibiting immunoreaotivity; 1. <33% of the cancer 
cells exhibiting, immunoreactivity; 2, 33 to 67% of the 
cancer cells exhibiting immunoreactivity; 3 >67% of the 
cancer cells exhibiting immunoreactivity. The intensity of 
the immunohislochemical signal, was also stratified into . 
lour groups: 0, no immunoreactiviiy; 1 , weak immunore- 
activity; 2, moderate immunoreactivity; 3. strong immu- 
noreactivity. Finally, the sum of the results of the cell 
score and the intensity score was calculated. Statistical 
analysis was performed with SigmaStat software. The 
rank sum test was used, and P < 0.05 was taken as the 
level of significance. 



Results 

Northern blot analysis of total RNA isolated from 12 nor- 
mal pancreatic tissues and 16 pancreatic cancers re- 
vealed the presence of the 1.2-kb ld-1 transcript and the 
1 6-kb Id2 mRNA transcript in 11 of the 12. normal pan- 
creatic samples, and the 1.3-kb ld-3 mRNA transcript in 
all normal pancreatic samples (Figure 1A, 2). In the can- 
cer tissues, ld-1 mRNA levels were elevated in 8 of 16 
samples, ld-2 mRNA levels were elevated in 9 of these 
samples, and ld-3 mRNA levels were elevated in 6 of 
these samples (Figure 1A, 2). Concomitant overexpres- 
sion of all three Id species was observed in 6 of the 
cancer samples (38%). In contrast, none of the Id mRNA 
species were overexpressed in CP by comparison with 
normal controls (Figure 1B, 2). Densitometry analysis.of 
all of the autoradiograms indicated that there was a 6.5- 
lold increase (P < 0.01) in ld-1 mRNA levels, a fivefold 
increase (P < 0.01) in ld-2 mRNA levels, and a twofold 
increase (P = 0.027) in ld-3 mRNA levels in the pancre- 
atic cancer samples in comparison to normal controls 
(Figure 2). In contrast, there was no statistically signifi- 
cant difference in the expression levels of ld-1, ld-2, and 
ld-3. in CP tissues in comparison to the corresponding 
levels in the normal pancreas (Figure 2). 

Next, we assessed the expression ol the three Id 
genes in 5 human pancreatic cancer cell lines by North- 
ern and Western blot analyses, ld-1 mRNA was present 
at varying fevels in all 5 cell lines (Figure 3). ASPC-1. 
CAPAN-1. MIA-PaCa-2, and PANC-1 expressed moder- 
ate to high levels ol ld-1 mRNA, wheieas COLO- 357 cells 
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expressed relatively low levels of this mRNA moiety. 
Western blotting with a highly specific anti-Id- 1 antibody 
confirmed the presence of the approximately 14-kd ld-1 
protein in the 4 cell lines thai expressed high levels ol 
ld-1 mRNA (Figure 3). Furthermore, the three cell lines 
with the highest ld-1 mRNA expression (CAPAN-1, MIA- 
. PaCa-2. and PANC-1) also exhibited the highest ld-1 
protein expression. Variable levels of the 1.6 kb ld-2 
mRNA transcript were present in all 5 cell lines. In addi- 
tion, a minor band of approximately 1.2 kb was visible in 
COLO-357 arid MIA-PaCa-2 cells. Immunoblot analysis 
with a highly specilic anti-ld-2 antibody revealed two 
bands ol approximately 16 and 18 kd at relatively high 
levels in all of the cell lines with exception of PANC-1 
cells, in which the 16-kd band was relatively faint (Figure 
.3). With ihe exception ol MIA-PaCa-2 cells, there was a 
good correlation between ld-2 mRNA and protein levels 
(Figure 3). ld-3 mRNA was present at high levels in 
MIA-PaCa-2 cells, at moderate levels in COLO-357 cells, 
and at low levels in PANC-1 cells, ld-3 mRNA was not 
detectable in ASPC-1 and CAPAN-1 cells (Figure 3). 
Immunoblot analysis with a highly specilic anti-ld-3 anti- 
body revealed an approximately 14-kd band that was most 
abundant in MIA-PaCa-2 cells, and was also readily appar- 
ent in COLO-357 and PANC-1 cells. In contrast, only a faint 
ld-3 band was seen in ASPC-1 and CAPAN-1 cells. Thus, 
with the exception ol PANC-1 cells, Ihere was a good cor- 
relation between ld-3 mRNA and ptolein levels. 



To determine the localization of ld-1, ld-2, and ld-3, 
immunostaining was carried out using the same highly 
specilic anti-Id antibodies. In the pancreatic cancers, 
moderate to strong ld-1 immunoreactivity was present in 
the cancer cells in 9 of 10 'randomly selected cancer 
samples. An example of moderate ld-1 immunoreactivity 
is shown in Figure 4A, and of strong immunoreactivity in 
Figure 4C (left panel). In contrast, in the normal pancreas, 
faint fd-1 immunoreactivity was present only in the ductal 
cells of pancreatic ducts (Figure 4 B, arrowheads). Pre- 
absorption with (he ld-1-specific blocking peptide com- 
pletely abolished the ld-1 immunoreactivity (Figure 4C. 
right panel). The cancer cells also exhibited strong ld-2 
(Figure 4, D and F. lelt panel) and moderate to strong ld-3. 
irfimunoreactivity. An example of moderate ld-3 immuno- 
reactivity is shown in Figure 4G. and of strong immuno- 
reactivity in Figure 41 (left panel). In contrast, only faint 
ld-2 immunoreactivity was present in the ductal cells in 
the normal pancreas (Figure 4E), whereas ld-3 immuno- 
reactivity in these cells was more variable and ranged 
Irom moderate to occasionally strong (Figure 4H). Islet 
cells and acinar cells were always devoid ol Id immunore- 
activily. Preabsorption ol the respective antibody with ihe 
blocking peptides specilic lor ld-2 (Figure 4F, right panel) 
and ld-3 (Figure 41. right panel) completely abolished im- 
rnunoreaclivily. Analysis of serial pancreatic cancer sec- 
tions revealed that there was often coiocalization ol the 
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three Id proteins. An example of serial sections from a 
pancreatic cancer tissue is shown in Figure 4, A, D, and G. 

ld-1, ld-2, and ld-3 immunoreactivity was also present 
at moderate levels in the cytoplasm ot ductal cells within 
CP-like areas adjacent to the cancer cells (Figure 5. A-C). 
.As in the normal pancreas, islet cells (outlined by arrow- 
■ heads) did not exhibit Id immunoreactivity. In 4 ol 9 CP 
samples, there were (oci of ductal cell dysplasia ol rela- 
tively large interlobular duels, all of which exhibited mod- 
erate lo strong ld-1 . ld-2. and ld-3 immunoreactivity (Fig- 
ure 5. D-F). Five of 9 CP samples also contained foci ol 
large ducts exhibiting atypical papillary epithelium. Serial 
section analysis of one of those CP samples revealed 
mild to moderate ld-1 and ld-2 immunoreactivity arid 
weak ld-3 immunoreactivity in the cells of these atypical 
papillary ducts (Figure 6. A-C). In contrast, in some ol 
these CP samples, moderate to strong ld-3 immunoreac- 
tivity was also observed (Figure 6D). However, most ol 
the ductal cells lorming Ihe typical ductular structures ol 
CP. such as large interlobular ducts and small prolilerat- 
ing ducts, exhibited generally only weak to occasionally 
moderate Id immunoreactivity (data not shown). 



The immunohistochemical dala lor Id- 1 , ld-2, and ld-3 
are summarized in Table 1. In the case ol ld-1 and ld-2.. 
the cancer cells as well as the dysplastic and atypical' 
papillary ducts in CP exhibited a significantly higher 
score than the ductal cells in the normal pancreas. In 
contrast; due to the marked variability in ld-3 immuno- 
staining in the normal pancreas. Ihe differences between 
normal and cancer cells and normal and dysplastic cells 
did not achieve statistical significance. 



Discussion 

Id proteins constitute a family ol HLH transcription factors 
. that are important regulators ol cellular differentiation and 
proliferation. 1 - 2 To date, lour members ol Ihe human Id 
famijy have been identified. 1 - 10 - 12 Their expression is 
enhanced during cellular proliferation and in response to 
rnitogenic stimuli, 19 - 31 and overexpression of Id genes 
inhibits differentiation and/or enhances proliferation in 
several dillerent cell types. 15 - 3? -3" The forced expression 
ol ld-1 in mouse small intestinal epithelium results in 
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Table 1. Histological Scoring 









ld-1 


ld-2 


ld-3 


. Normal {n = 
Cancer (n = 
CP [n = 9) 


6) 
10) 


Ductal cells 
Cancer cells 

Typical CP lesions (n = 9) 
Dysplastic ducts (o = 4) 
Atypical papillary ducts [n = 5). 


2.0 ± 0.4 
4.5* ± 0.5 
. 2.7 ± 0.5 
5.3* ± 0.2 
4.4* ± 0.2 


2.3 + 0.2 
5.2 s ± 0.3 

3.1 ±0.6- 
5.8* + 0.2 
5.2* ± 0.2 


2.5 ± 0.9 
4.5 + 0.6 
3.4 ± 0.7 
5.3 + 0.4 
5.0 ±0.4 



Scoring ol.ihe histological specimens was performed as described in the Patients and Methods section. Values are the means : 
ot samples indicated in parenthesis. P values are based on comparisons with the respective controls in the normal samples 
*, P < 0.0?. *P.< 0.01; *P = 0.004; 5 P = 0.001. 



SD ol the number 



• adenoma formation in these animals. 35 The growth-pro- 
. moting effects of Id genes are thought to occur through 
several mechanisms. For example; ld-2 can bind to mem- 
bers of the pRB tumor suppressor family, thus blocking 
their growth-suppressing activity, 20 - 21 and ld-1 and ld-2 
can antagonize the bHLH-mediated activation of known 
inhibitors of cell cycle progression such as the cyclin- 
. dependent kinase inhibitor p21 , 23 . 

In the present study, we determined by Northern blot 
analysis that a significant percentage of human pancre- 
atic cancers expressed increased ld-1, ld-2. and ld-3 
mRNA levels. Increased expression was most evident for 
ld-1 (6.5-fold) and ld-2 (fivefold). In contrast, ld-3 mRNA 
levels were only twofold increased in the cancer samples, 
partly because this mRNA was present at relatively high 
levels in the normal pancreas. Immunhistochemical anal- 
ysis conlirmed the presence, of ld-1, ld-2, and ld-3 in the 
cancer cells within the tumor mass, whereas in the normal 
pancreas fain! ld-1 and ld-2 immunoreactivity and mod- 
erate to occasionally strong ld-3 immunoreactivity was 
present in some ductal cells. Pancreatic acinar and islet 
cells in the normal pancreas were devoid of ld-1 , ld-2. 
and ld-3 immunoreactivity. In the cancer samples, all 
three Id proteins often colocalized in the cancer cells. 
Coexpression of all three Id genes was also observed in 
cultured pancreatic cancer cell lines, which often exhib- • 
ited a close correlation between Id mRNA and protein 
expression. However, in MIA-PaCa-2 there was a diver- 
gence of ld-2 mRNA and protein levels, and in PANC-1 
cells, ld-3 mRNA levels did not correlate well with ld-3 
protein expression. These observations suggest that in 
these cells, the hall-life of either Id mRNA or Id protein 
may be altered by comparison with the other cell lines. 
Interestingly, ld-2 immunoblotling revealed two closely 
spaced bands of approximately 16 and 18 kd in 4 of 5 
cell lines. In view ol the fact that two possible initiation 
codons have been reported for the ld-2 gene. 36 our 
observation raises the possibility that the two ld-2-immu- 
noreactive bands may represent separaLe translation 
products of the ld-2 gene. 

Pancreatic cancers often harbor p53 lumor suppressor 
gene mutations 37 and exhibit alterations in apoptosis 
pathways. Thus, these cancers often exhibit increased 
expression of anti-apoptotic proteins such as Bcl-2 38 and 
abnormal resistance to Fas-ligand-mediated apopto- 
sis. 39 II has been shown recently that forced constitutive 
expression ol Id genes together wilh the expression ol 
anli-apoptotic genes such as Bcl-2 or BclX L can result in 



malignant transformation of human fibroblasts. 11 raising 
the possibility that the enhanced Id expression in pan- 
creatic cancers together with increased expression of 
anti-apoptotic genes may contribute to the malignant 
potential of pancreatic cancer cells in vivo. 

In the CP tissues there was no significant increase in 
ld-1, ld-2, and ld-3 mRNA levels in comparison to the 
normal pancreas. Immunohistochemical analysis of pan- 
creatic, cancer samples revealed colocalization of weak 
to moderate ld-1, ld-2, and ld-3 immunoreactivity in pro- 
liferating ductal cells in the CP-like regions adjacent to 
the cancer cells, indicating that Id expression was not 
restricted to the cancer cells. Similarly, analysis of CP 
samples indicated weak ld-1, ld-2, and ld-3 immunore- 
activity in the cells of small proliferating ducts and large 
ducts without dysplastic changes. In general, thete was a 
correlation between weak immunoreactivity and low Id 
mRNA levels. However, in samples that harbored large 
ducts wilh papillary structures there was moderate Id 
immunoreactivity, and in the cells forming dysplastic 
duels there was moderate to strong Id immunoreactivity. 
In these CP samples. Id mRNA levels were relatively 
higher than in the CP samples that were devoid of these 
histological changes. Overall, however, increased Id ex- 
pression, most nolably of ld-1 and ld-2, distinguished a 
subgroup of pancreatic cancers from CP (Table 1). 

Epidemiological studies have shown that the risk ol 
developing pancreatic cancer is increased up to 16-fold 
in patients with pre-existing CP in comparison to the 
general population. 40 The mechanisms that contribute to' 
neoplastic transformation in CP are not known. Although 
there is no established tumor progression model for pan- 
creatic cancer, such as the adenoma-carcinoma se- 
quence of colorectal carcinoma, 41 it is generally ac- 
cepted that K-ras and p16 mutations occur relatively 
early in pancreatic carcinogenesis, whereas p53 muta- 
tions occur late in this process. 37 - 41 - 43 Increased Id ex- 
pression may contribute to malignant transformation of 
cultured cell lines in v/fro 1 1 and has been linked to cell 
invasion in a murine mammary epithelial cell line. 44 In 
view of the current lindings that ld-1. ld-2. and ld-3 are 
overexpressed in pancreatic cancer and in dysplastic/ 
metaplastic ducts in CP. these observations raise the 
possibility that elevated levels of ld-1, ld-2. and. lo a 
lesser extent, ld-3 may represent relatively early markers 
of pancreatic malignant transformation arid may contrib- 
ute lo the pathobiology ol pancreatic cancer. 
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c-fos and estrogen receptor gene expression pattern in the rat uterine 
epithelium during the estrous cycle. 

Mendoza-RodnV ne/. CA, Merchant- La rios FT , Segura-ValderlVTI. 
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Different studies in oyariectomized estrogen treated animals support the idea that c-fos ' 
plays a role in the proliferation of uterine epithelial cells. Howew, these studies invite us 
to reassess the role played by c-fos in epithelial cell types of the endometrium during the 

TT 7™ PreS6nt StUdy W3S UndertakBn t0 determine ^ and estrogen 
receptor (ER) gene expression pattern in the rat uterine epithelium during the estrous 

XnZ W ^/ latUr l and c y clic cha W of steroid hormones occur, and correlate these 
changes with^he proliferation status of this cellular types. Proliferation was assessed 
during the estrous cycle using bromodeoxyuridine incorporation to DNA. ERalpha and 
beta proteins were assessed by immunohistochemistry. The regulation of c-fos gene 
expression in the uterus of intact animals during the estrous cycle was evaluated using 
both in situ hybridization and immunohistochemistry. Estradiol (E(2)) and progesterone 
P(4)) plasma levels were assessed by radioimmunoassay. The results indicated that . 

Z^t ( ^Sn ^ ep|thdia (GE) presented maximal Proliferation during the 
metestrus (M) and the diestrus (D) days. However, during the proestrus (P) day only LE 
presented proliferation, and during the estrus (E) day only the stromal cells proliferated 
A marked immunostmning for ERalpha was detected in both LE and GE cells during the 

l^J ,1? u^^ 1 ^ diraiQished on *e P and the E day. In contrast, ERbeta was 
undetectable ,n both epithelia during all stages of the cycle. The highest c-fos mRNA 
level wasdetected in both epithelia on the M day, followed by a significant reduction 
dunng the other days of the cycle. The highest protein content was observed on the M 
and D days, and the.mmimal value was detected on the E day. The c-Fos protein level in 
LE was increased during M and D days, presenting a high correlation with the cellular 
prohferation partem of this cell type. In conclusion, the overall results indicate that c-Fos 
prote.n presented a good correlation with uterine epithelial cell proliferation of LE In the 

found iWh ^Vr 6 ^ 611 ^ W3S ° bSerVed ' a,th ° Ugh n ° S1 ^ iflcant elation was 
found Both in LE and GE, c-fos mRNA did not strictly correlate with its protein levels 
c-fos seems to have a postranscriptional regulation in uterine epithelial cells during the 
rat s estrous cycle.. Copyright 2003 Wiley-Liss, Inc.' 
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[3IIJMK-801 bindiag aud the mRNA for the NMDAR1 subunit of the 
NMDA receptor are differentially distributed in human and rat forebrain. 
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The distributions of [3HJMK-8GT binding and the NMDA NR1 subunit mRNA were 
studied using receptor autoradiography and in-situ hybridization in rat and human brain . 
whole-hemisphere coronal sections. Receptor protein detected by radioligand 
autoradiography and the mRNA for the key subunit of the receptor presented similar 
distributions in the forebrain, with a few areas showing an imbalance between the levels 
of mRNA and receptor protein. Human frontal cortex showed a relative abundance of 
NMDAR1 mRNA as compared to [3H]MK1-801 binding. The same area in rat brain did 
not show any difference in the two distributions. In comparison, the rat claustrum 
presented a relative excess of NMDAR1 mRNA which was not detected in human 
sections. Human caudate nucleus exhibited relatively high levels of [3HJMK-801 binding 
that were unmatched in rat caudate. The hippocampi of either species presented similar 
levels of [3H]MK-801 binding and NMDAR1 mRNA, but when the two signals were 
measured in specific subfields of the hippocampal formation, the differential distribution 
of the two signals reflected the anatomy of hippocampal connections assuming a 
preferential dendritic distribution for MK-801 binding. Interestingly, rat and human 
hippocampi also showed some important species-dependent difference in the relative 
distribution of the receptor protein and mRNA. The data presented show an overall good 
correlation between the mRNA for the key subunit of the NMDA receptor and the 
functional receptor detected with radioligand binding and highlight the presence of local 
differences in their ratio. This may reflect different splicing of the mRNA for the- 
NMDAR1 subunit in specific brain areas of rat and human. The species-dependent 
differences in the relative distribution of the mRNA for the key subunit of the NMDA 
receptor and that of a marker of functional receptors also highlights important differences 
in the NMDA function in rat and human brain. 
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Abstract 

■ Translation initiation is regulated in response to 
nutrient availability and mitogenic stimulation and is 
coupled with cell cycle progression and cell growth. 
Several alterations in translational control occur in 
cancer. Variant mRNA sequences can alter the 
translational efficiency of individual mRNA molecules, 
which in turn play a role in cancer biology. Changes in' 
the expression or availability of components of the 
translational machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translational 
- activation of the mRNA molecules involved in cell 
growth and proliferation. We review the basic 
principles of translational control, the alterations 
encountered ki cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit, the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts hove concentrated on identifying 
differences in gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences in transcription. Gene expression is quite complicated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of translational regulation has been best recog- 
nized among developmental biologists; because transcription 
does not occur in early enibryogenesis in eukaryotes. For ex- 
• ample, in Xenopus, the period of transcriptional quiescence 
continues unW Ihe embryo reaches midblastula transition, the 
4000-cell stage. Therefore, all necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a translationalry 
inactive, masked form. The mRNA are Iranslalionally activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesis and thus, are under strict transitional 
control 

Translation has an established role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a . conse- 
quence of mitogenesis. Until recently, however, little was 
known about the alterations in mRNA translation in cancer, 
and much is yet to be discovered about their rote in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the alterations en- 
countered in cancer, and selected therapies targeting transla- . 
lion Mtatfori to elucidate potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechanism of Translation Initiation 
Translation initiation is the main step in translational regulation. 
Translation initiation is a complex process in whfch Ihe initiator 
tRNA and the 40S and 60S ribosoma) subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation initiation factors "into an 80S ribosome at the start 
codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA is 
capped, ie., contains the cap structure m'GpppN (7-methyh 
guanos"^triplK3spho-5'-rirx)nucleoside). Most translation in 
eukaryotes occurs in a cap-dependent fashion, i.e., the cap is 
specifically recognized by the elF4E. 3 which binds the 5' cap. 
The elF4F translation initiation complex is then formed by the 
assembly of elF4E, the RNA hefcase elF4A. and elF4G, a 
scaffolding protein that mediates the binding ol the 40S ribo- 
sorhal subunit to the mRNA molecule through interaction with 
the elF3 protein present on. the 40S ribosome. elF4A and elF4B 
participate in melting the secondary structure of the 5' UTR of 
the mRNA The 43S initiation complex (40S/elF2/Met-tRNA/ 
GTP complex) scans the mRNA in a 5'->3' direction until it 
encounters an AUG start codon. This start codon is then base- 
paired to the anfcodort of initiator tRNA, forming the 48S initi- 
ation complex. The initiation factors are then displaced from the 
48S complex, and the 60S. ribosome joins to form the 80S 
ribosome. 

Unlike most eukaryotic translation, translation initiation of 
certain mRNAs, such as the picomavirus RNA, is cap inde-' 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require elF4E Either the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the5'tri7tsix}iasintheerx*phalc>rrryo^ • 
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Fig. 1. Translation initiation in eukaryoies. Trie 4E-BPS are hyperphos- 
phorytated to release elF4E so that it can interact with the 5' cap, and the 
elF4F initiation complex is assembled. The interaction ol poty(A) binding 
protein with the initiation complex and circularization ol the mRNA is not 
depicted in the diagram. The secondary structure ol the 5' UTH is meited, 
the 40S ribosomat subunit Is bound to elF3. and the ternary complex 
consisting ol elF2, Gfrp. and the Met-tBNA are reenri led to the mRNA. The 
ribosome scans the mRNA in a 5'-*3" direction until an AUG start codon 
is found in the appropriate sequence context The initiation tactors are 
released, and the large ribosomal subunit is recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the poDovirus (1). 

Regulation of Translation Initiation 
Translation initiation can be regulated by alterations In the 
expression or phosphorylation, status of the various factors 
involved. Key components in translational regulation that 
may provide potential therapeutic targets follow. 

elF4E. elF4E plays a central role in translation regulation. 
It is the least abundant ol the initiation factors and is con- 
sidered the rate-limiting component for initiation of cap- 
dependent translation. elF4E may also be involved in mRNA 
splicing, mRNA 3'processing, and mRNA nucleocytoplas- 
mic transport (2). elF4E expression can be increased at the 
transcriptional level in response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 
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rational machinery and thus are inefficiently translated (4-7). 
As example's of this, overexpression of elF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fibroblast growth tactor-2, and cyclin D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
• rnHoo.en-activated protein kinase-interacting kinase 1 , which 
is activated by the mitogen-activated pathway, activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, insulin, 
angiotensin II, sre kinase overexpression, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of elF4E is usually correlated with the 
translational rate and growth status of the cell; however; 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translational rates actually 
decrease (15). Thus, further study is needed to understand, 
the effects of elF4E phosphorylation on elF4E activity. 

Another mechanism of regulation is the alteration of elF4E 
availability by the binding of elF4E to the elF4E-binding pro- 
teins (4E-BP, also known as PHAS-1). 4E-BPs compete with 
elF4G for a binding site in elF4E. The binding of elF4E to the 
best characterized elF4E-blnding protein, 4E-BP1, is regur 
lated by 4E-BP1 phosphorylation. Hypophbsphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, insulin-like growth factors 
I and II, ihterteukin 3, granulocyte-macrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BP1 and 
to. decrease the ability ot 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of .nutrients or growth factors results- 
in 4E-BP1 dephosphorylation, an increase in elF4E binding, 
and a decrease in cap-dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K is thought to play an important role in translational 
regulation. S6K -/- mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
orrgop^imidine tract (5' TOF^ found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the translational machinery. Phcsphorylation of S6K is regu- 
lated in part based on the avaSabiBty of nutrients (1 8, 1 9) and is 
stimulated by several growth factors, such as platelet-derived 
growth factor and insulin-like growth factor I (20). 

e!F2er Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor elF2. Phosphorylation ol the cr-subunit ol elF2 
prevents formation of the elF2/GTP/Met-tRNA complex and 
inhibits global protein synthesis (21, 22). elF2o is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
eIF2o is phosphorylated by heme-regulated inhibitor, nutrient- 
regulated protein kinase, and the IFN-rnduced. double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrolide antibiotic 
rapamycin (SiraBmus; Wyeth-Ayerst Research, CoDegeviHe, 
PA) has been the subject of intensive study because it in- 
hibits signal transduction pathways involved in T-ceB activa- 
tion. The rapamycin-sensitive component of these pathways 
is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate G, 
progression and translation in response to nutrient availabil- 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation initiation by altering the phosphorylation status of 
4E : BP1 and S6K (Fig. 2; Ref. 25). 

4E-8P1 is phosphorylated on multiple residues. mTOR phos- 
phorylates Ihe Thr-37 and Trir-46 residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these sites is not associated 
with a loss of e!F4E binding. Phosphorylation of Thr-37 and 
■ Thr-46 is required for subsequent phosphorylation at several 
• COOH-terminal, serum-sensitive sites; a combination of these 
phosphorylation events appears to be needed to mhibit the 
binding of 4E-BP1 to elF4E (25). The product of the ATM gene, 
P38/MSK1 pathway, and protein kinase Co also play a rote in 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt. PTEN is a phosphatase that 
negatively regulates PI3K signaling. PTEN null cells have 
constitutive^ active of Akl, with increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR ih vitro, and this site is phosphorylated upon AM 
activation in vivo (31-33). Thus. mTOR is regulated by the 
PI3K/AW pathway: however, this does not appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorylation is blocked by wort- 
mannin but not by rapamycin (34). This seeming inconsistency, 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism other than intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and. S6K phos- 
phorylation by mTOR activity is by the inhibition of a phospha- 
tase. Treatment with calycuBn A, an inhibitor of phosphatases 1 
and 2A, reduces rapamycin-induced dephosphorylation of. 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with full-length 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vitro; however, how this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
• phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase bv 
mTOR. ' 

Polyadonylation. The poly(A) tail in eukaryotic mRNA is 
important in enhancing translation initiation and mRNA sta- 
bility. Polyadenylation plays a key role in regulating gene 
expression during oogenesis and early embryogenesis. 
Some mRNA that are translationally inactive in the oocyte are 
polyodenylated concomitantly with translations) activation in 
oocyte maturation, whereas other mRNAs that are transla- 
tionally active during oogenesis are deadenylated and trans- 
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lationalty silenced (36-38). Thus, control of poly(A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and pory(A) tail are thought to function synergis- 
tically to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RNA-binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1, destabilizes the interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results in translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important rote 
in translational regulation. 

Translation Alterations Encountered in Cancer 
Three main alterations at the translational level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes in the expression or availability of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and Ihe 
translational activation of several mRNA species. 

Variations in mRNA Sequence 

Variations in mRNA sequence affect the translational effi- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequence, especially 
in the 5' UTR, can alter its translational efficiency, as seen in 
the following examples. 
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c-myc Sarto et al. proposed that translation of full-length 
c-myc is repressed, whereas in several Burkitt lymphomas 
that have deletions of the mRNA 5' UTR, translatton of c-myc 
•s more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-independent as well as a 
cap-dependent mechanism (46. 47). In patients with multiple 
myeloma, a C^T mutation in the c-myc IRES was identified 
(48) and found to cause an enhanced initiation ol translation 
via internal ribosomal entry (49). 

BRCAl. A somatic point mutation (117 G->C) in position 
-3 with respect to the start codon ol the BRCAl gene was 

identified in a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCAl 5' UTR and a downstream luciferase reporter dem- 
onstrated a decrease in the translationa! efficiency with the 5" 
UTR mutation. 

Cyclin-dependent Kinase Inhibitor 2A. Some inherited 
melanoma kindreds have a G->T transversion at base -34 
of cyclin-dependent kinase inhibitor-2A, which encodes a . 
cyclin-dependent kinase 4/cyclin-dependent kinase 6 kinase 
mhibtor important in 6, checkpoint regulation (51). This 
mutation gives rise to a novel AUG translatton initiation 
codon. creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
Irom the wild-type AUG. 

Alternate Splicing and Alternate Transcription Start 
S.tes. Alterations in splicing and alternate transcription sites 
can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately imparting translational efficiency. 

ATM. The ATM gene has four noncoding exons in its 5' 
UIR that undergo extensive alternative splicing (52) The 
contents of. 12 different 5" UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 5' leader sequences play an important role in the 
translational regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression ol the onco- 
protem mdm2 results in enhanced translation of the mdm2 
mRNA. Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTC contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BRCAL In a normal mammary gland. BRCA1 mRNA is 
expressed with a shorter leader sequence (5'UTRa). whereas 
. in sporadic breast cancer tissue, -BRCAl mRNA is expressed 
wo. .a longer leader sequence (5' UTRb); .he translational 
efficiency of transcripts containing 5' UTRb is 10 times lower 
man that of transcripts containing 5 1 UTRa (54) 

TGF-P3. TGF-03 mRNA includes a 1.1-kb 5' UTR which 
. exerts an mhibitory effect on translation. Many human breast . 
cancer cell lines contain a novel TGF-/H transcript with a 5' 
UTR hat is 870 nucleotides shorter and has a 7-fold greater 
translational efficiency than.the normal TGf-03 mRNA (55) 
Alternate Potyadenytotion Sites. Multiple polyadenyl- 
anon signals leading to the generation ol several transcripts 
with difleiing 3" UTR have been described lor «S . 
species, such as the RET pro.o-oncogene (56). ATM gene 
tissue inhibitor of metalloproteinases-3 (57). RHOA 



proto-oncogene (58), and calmodulin-l (59). Although the 
effect of these alternate 3' UTRs on translation is not yet 
known, they may be important in RNA-protein interactions 
that affect translational recruitment. The role of these alter- 
ations in cancer development and progression is unknown. 

Alterations in the Components of the 
Translation Machinery 

Alterations in the components of translation machinery can 
take many forms. 

Overexpresssion of elF4E. Overexpression of.elF4E 
causes malignant transformation in rodent cells (60) and the 
deregulation of HeLa cell growth (61). Polunovsky ef al. (62) 
found that elF4E overexpression substitutes for serum and 
Individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survivalsignaling. 

Bevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that elF4E overex- 
pression can be valuable as a prognostic marker. elF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis in stages I to III breast carcinoma (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer is now 
under way in a prospective trial (67). However, in a different 
study, elF4E expression was correlated with the aggressive 
behavior of non-Hodgkin's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of elF4E h histologically tumor-free surgical margins predicted 
a significantly increased risk of local-regional recurrence (9). 
These results all suggest thafelF4E overexpression can be 
used to select patients who might benefit from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E^ leads to 
malignant transformation in vitro (69). elF-2a is found in 
increased levels in bronchioloaNeolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72). and the efF3-p1 1 0 subunit 
is overexpressed in testicular seminoma (73). The role that 
overexpression of these initiation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Barlund ef al. (74). S6K was amplified in S3 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' poly(A). syn- 
thesis. PAP is overexpressed in human cancer cells com- 
pared with normal and viraDy transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, in mammary tumor cytosols, was 
found to be an independent factor tor predicting survival (76). 
Little is known, however, about how PAP expression or ac- 
tivity affects the translational profile. 

Alterations in RNA-binding Proteins. Even less is known 
about alterations in RNA packaghrg in cancer. Increased ex- 
pression and nuclear localization of the RNA-binding protein 
YB-1 are indicators of a poor prognosis for breast cancer (77), 
non-small cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription, because YB-1 increases chemoresfetance by en- 
hancing the transcription of a multidrug resistance gene (80). 



Activation of Signal transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpression of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene P7EW, which leads to the activation of the PBK/Akt path- 
way. Activation of PI3K and Akt induces the oncogenic trans- . 
formation of chicken embryo fibroblasts. The transformed cells 
show constitutive phosphorylation of S6K and of 4E-BP1 (81). 
. A mutant Akt that retains kinase activity but does not phos- 
phorytate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of PBK and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, irisulin-like growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
ot translation is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translational control. 
For example, HER2/neu mRNA is translationally controlled 
both by a short upstream open reading frame that represses 
HER2/heu translation in a cell type-independent manner and 
by a distinct cell type-dependent mechanism that increases 
translational efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, it is possible that 
alterations at the translational level can. in part account for 
the discrepancy between HEFSIneu gene amplification de- 
tected by fluorescence in situ hybridization and protein levels 
detected by immunohistochemical assays. 

Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways involved in the activation ol translation initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycin 
and Tumstatin 

Rapamycin inhibits the proliferation o( lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycm with FKBP 12 (FK506-binding 
protein, M, 12,000) binds to mTOR to inhibit its function. 

Rapamycin causes a smaB but significant reduction in the 
Initiation rate of protein synthesis (83). It blocks cell growth in 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation pf 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphorylation and inhibits cap-dependent 
but not cap-independent translation (17,. 86). 

The rapamyrin-sensitive signal transduction pathway, acti- 
vated during malignant transformation and cancer progression, 
is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, small cell lung, glioblastoma, melanoma; and T-cell 
leukemia are among the cancer Tines most sensitive to the 
rapamycin analogue CCI-773 (Wyeth-Ayerst Research; Ref. 
87). In rhabdomycosarcoma cell lines, rapamycin is either cyto- 
static or cytocidal. depending on the p53 status of the celt p53 
wild-type celts treated with rapamycin arrest in the G, phase 
and maintain their viability, whereas p53 mutant ceils accumu- 
late in G, and undergo apoptosis (88, 89). In a recently reported 
study using human primitive neuroectodermal tumor and 
medulloblastoma models, rapamycin exhibited more cytotox- 
icity in combination with cisplatin and camptothea'n than as a 
single agent In vivo, CCI-779 delayed growth of xenografts by 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with 
cisplatin in combination with CCI-779 than with cisplatin alone 

(90) . Thus, preclinical studies suggest that rapamycin ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD001 (Novartis, 
Basel, Switzerland) are now in clinical trials. Because ol the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matctog'ical toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87. 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage Ill/IV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus. CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy ot CCI-779 in PTEN-null tumors (30. 96). Another 
study found that six ol eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between AW activation and CCI : 779 sensitivity (97). This 
correlation suggests that activation ol the PI3K-AM pathway. 
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regardless of whether it is attributable to a PTEN mutation or 
to overexpr ession of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-directed therapy. In contrasl, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycin resistance; thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycin resistance (98). 

Another mode of activity for rapamycin and its analogues 
appears to be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR inhibition in these cells or by 
inhibition of translation of such proangiogenic factors as 
vascular endothelial growth factor in tumor cells (99, 100). 

The angiogenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial cells (101). Through a requisite in- 
teraction with integrin, tumstatin inhibits activation of the 
PI3K/AW pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
■ cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-signaling pathway. 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential adjuvant therapy for head 
and neck cancers, particularly when elevated elF4E is found in 
surgical margins. Small molecule inhibitors that bind the elF4G/ 
4E-BP1-binding domain of elF4E are proapoptotic fHQ and 
are also being actively pursued. 

Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer cells is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR. These mRNA would thus be at a competitive 
disadvantage in normal cells and not translate well, whereas in 
cancer ceDs, they would translate more efficiently. For example, 
the introduction of the 5' UTR of fibroblast growth factor-2 5' to 
the coding sequence of herpes simplex virus type-1 thymidine 
kinase gene, allows for selective translation of herpes simplex 
virus type-1 thymidine kinase gene in breast cancer cell lines 
compared with normal mammary cell lines and results in se- 
lective sensitivity to ganciclovir (1 17). 



Targeting elFZtc EPA, Clotrimazole, mda-7, 
and Flavonoids 

EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2 * from 
intracellular stores while inhibiting their refilling, thereby acr 
tivat'mg PKR. PKR, in turn phosphorylates and inhibits elF2a, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitro and in vivo, inhibits cell growth through 
depletion of Ca s ' t stores, activation of PKR, and phospho- 
rylation of elF2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cyclins A, E, and D1, 
resulting in blockage of the cell cycle in 6,. 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of e)F2a and induction of apoptosis (110). 

Flavonoids such as genistein and quercetin suppress tu- 
mor cell growth. All three mammalian elF2or kinases, PKR, 
heme-regulaled inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2o and inhibition of 
protein synthesis (111). 

Targeting elF4A and elF4E: Antisense UNA 
and Peptides 

Antisense expression of elF4A decreases the proliferation rate 
ot melanoma cells (1 1 2). Sequestration of elF4E by overexpres- 
sion of 4E-BP1 is proapoplotic and decreases tumorigenicity 
(113, 114). Reduction ot elF4E with antisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



Toward the Future 

Translation is a crucial process in every cell. However, several 
alterations in translational control occur in cancer. Cancer cells 
appear to need an aberrantly activated translational state for 
survival, thus allowing the targeting of translation initiation with 
surprisingly tow toxicity. Components of the translational ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved in translation initiation, such mTOR. represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
combination therapy. In the interim, our increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
in the near future. 
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Overexpression of chemoldnes, fibrogenic cytokines, and myofibroblasts in human, 
membranous nephropathy. BACKGROUND: Proteinuria plays a central role in the 
progression of glomerular disease, and there is growing evidence suggesting that it may. . 
determine tubular cell activation with release of chemoldnes and fibrogenic factors, 
leading to interstitial inflammatory reaction. However, most studies on this subject have 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropathy (1MN), a. noninflammatory glomerular disease that may follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraffin-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 1 2 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoatrractant protein- 1 (MCP-1), regulated on 
activation normal T-cell expressed and secreted chemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
1, RANTES, PDGF-BB, transforming growth factor-betal (TGF-beta 1)). Moreover, we 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (alpha-SMA), the monocytes/macrophages (CD68-positive cells), 
. and T^cell infiltration (CD4+ and CD8+ cells). All of the patients were nephrotic and 
without treatment at time of the biopsy. RESULTS: A strong up-regulation of MCP-1, 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients. A strong correlation between 
the mRNA expression and the corresponding protein was noted. The presence of these 
chemokines and OPN was associated with interstitial cell infiltration. TGF-beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemoldnes 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. „ 
Because this up-regulation was associated with an interstitial accumulation of 
mononuclear cells and an increase in myofibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in IMN. Finally, based on experimental 
data and the findings of this article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in tubular epithelial cells. 
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T°rp^ CTIVE: T ° 6Xamine the ocular uncoupling protein expression 2 (UCP2) and 
UCP3 gene ^expression m morbid obese subjects before and after bariatric surgery [bilio- 
pancreat.c divers.on (BPD)]. RESEARCH METHODS AND PROCEDURES EtevSo 

bp? sS e n m \ = T ™ 2 k / m(2)) were studied before BPD - d 2 * S 

BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reverse 
transenptase-competitive polymerase chain reaction and UCP3 protein by Western 
1TZ Mr T y ° Cyt '' C Wyvstes were quantified by high-performance liquid 
chromatography. Twenty-four-hour energy expenditure and respiratory quotient (RQ) 
were measured rn a respiratory chamber. RESULTS: After BPD, the average weE> ss 

ToTT^L no N ° nPr0tein RQ mCreaSed m the P° sfobe - (0 73 

1 0 Z i i^n ^o 2 ' P f 0 00 °- 7116 intram yo c y«^ triglyceride level dropped (3 66 

UCP^'ndU^^ 100 ^ tiSSUC ' P < a ° 00I) 3fter BPD - 4-sLn of 
UCrV and UCP3 mRNA was significantly reduced (from 35.9 +/- 6.1% to 18 6 +/- 4 5% 
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levelsVn - 0 P nn?;° 4) ' A regression ^™ W) = 0.90) showed that MTG 

\7ril ® ~ °: 007 > presented the most powerful independent variable for predicting 
UCP3 i variation. DISCUSSION: The strong correlation of UCP expression and- decrease 
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Thed^ and gamma 2L subunits of the 

fn^K.T 15 7 m ^ h3S bee " reVeaIed ^ in situ hybridization, northern blot 
and dot blot analyse using specific antisense oligonucleotides. In addition the 
quant, at.ve d.srnbution, of the gamma 2S and gamma 2L subunit peptides participating in 
the fully assembled GABAA rec^ptors/benzodiazepine receptors has been LppeS by 
urimuno P rec lpi tat,on w,th specific anti-gamma 2S and anti-gamma 2L ant ibodies 
Several neuronal types and brain regions are enriched in gamma 2L such as neurons of 
the layer II of staate cortex and cerebellar Purkinje cells as well as the inferior colli cuius • 
superior col hculus deep cerebellar nuclei, medulla and pons. Other neuronal types and 
regions are ennched m gamma 2S such as the mitral cells of the olfactory bulb pyramidal 

ZZZ \i CPyn , r^fl' l :^ Vlofth * "-cortex, granule cells If the dST " 
gyrus and pyrarmdal cells of the htppocampus. Other cortical areas and cerebellar granule 
cells express both gamma 2S and gamma 2L in comparable amounts; There is a good 
correlation between the relative expression of gamma 2S and gamma 2L mRNAs and the 
relatrve presence of these protein subunits in MyasseaAIcdLmahucS^ta^ 

e^ultln ^ZTFTF* f fferentia, d,StribUti ° n ° f gamma 28 - d *™ 2L ™^ 
subun S SenS,tmty ° f ^ neUr0 " S eXpreS8ing these GABAA "™Ur 
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Follicle-Stimulating Hormone Receptor and Its Messenger Ribonucleic Acid Are 
Present in the Bovine Cervix and Can Regulate Cervical Prostanoid Synthesis 1 

D. Mizrachi and M. Shemesh 2 
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ABSTRACT 

The hypothesis that FSH regulates the bovine cervical pros- 
taglandin E 2 (PGE 2 ) synthesis that is known to be associated with 
cervical relaxation and opening at the time of estrus was inves- 
tigated. Cervical tissue from pre-estrous/estrous, luteal, and 
postovulatory cows were examined for 1) the presence of bovine 
(b) FSH receptor (R) and its corresponding mRNA and 2) the 
effect of FSH on the PGE 2 regulatory pathway in vitro. The pres- 
ence of bFSHR mRNA in the cervix (maximal during pre-estrus/ 
estrus) was demonstrated by the expression of a reverse tran- 
scription (RT) polymerase chain reaction (PCR) product (384 
base pairs) specific for bFSHR mRNA and sequencing. Northern 
blotting revealed three transcripts (2.5, 3.3, and 3.8 kilobases 
[kb]) in cervix from pre-estrous/estrous cows. The level of FSHR 
(75 kDa) was significantly higher (p < 0.01) in Western blots of 
pre-estrous/estrous cervix than in other cervical tissues. There 
was a good correlation between the 75-kDa protein expression 
and its corresponding transcript of 2.55 kb throughout the es- 
trous cycle as described by Northern blot analysis as well as RT- 
PCR. Incubation of FSH (10 ng/ml) with pre-estrous/estrous cer- 
vix resulted in a 3-fold increase in the expression of FSHR and 
a 2-fold increase in both C protein (a ? ) and cyclooxygenase II. 
FSH (5-20 ng/ml) significantly increased (p < 0.01) cAMP, ino- 
sitol phosphate (p < 0.01), and PGE 2 (p < 0.01) production by 
pre-estrous/estrous cervix but not by cervix at the other stages. 
We conclude that bovine cervix at the time of the peripheral 
plasma FSH peak (pre-estrus/estrus) contains high levels of 
FSHR and responds to FSH by increasing the PGE 2 production 
responsible for cervical relaxation at estrus. 

INTRODUCTION 

FSH and LH are the two known pituitary hormones that 
regulate gonadal functions. FSH is essential for female fer- 
tility, specifically for folliculogenesis, and human ovarian 
failure has been related to mutations both in the FSH re- 
ceptor (FSHR) and in the FSH0 gene [1]. However, unlike 
LH, for which extra-gonadal binding has been documented 
for the uterus in the cow [2], pig [3], and human [4], no 
extra-gonadal effects of FSH have been reported. The uter- 
ine LH receptors have been shown to be physiologically 
active in the cow [2, 5]. The concentration of uterine LH 
receptors is related to the phase of the cycle, and binding 
of LH to uterine receptors increases uterine prostaglandin 
synthesis [2, 5]. Preliminary observations in our. laboratory 
indicated that both FSH and LH receptors are also present 
in the cervix. We therefore investigated whether FSHRs are 
associated with the regulation of cervical prostaglandin, 
particularly around the time of estrus, when both cervical 
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PGE 2 production [6] and peripheral FSH concentrations are 
maximal. 

The present investigation was therefore conducted to de- 
termine the presence of FSHR and its mRNA, and its phys- 
iological activity, in the bovine reproductive tract. Since the 
cervix is a prostaglandin E) (PGE,)- and PGE 2 -sensitive 
tissue and responds to hormonal stimulation, we also de- 
termined whether FSH could increase cervical cyclooxy- 
genase expression and production of PGE 2 in vitro, partic- 
ularly at the time near estrus. 

MATERIALS AND METHODS 

Animals 

Cervical and ovarian tissues were collected from Hol- 
stein cows at a local abattoir. The stage of the cycle was 
determined according to signs of ovulation and the status 
of corpora lutea (CL; weight, color). These parameters al- 
lowed the classification of the cervix into three groups: 1) 
pre-estrous/estrous (follicular, 18-20 days postovulation; 
regressed CL < 1.0 g; presence of cervical mucus; n = 
54); 2) postovulatory (1-4 days postovulation; presence of 
corpora hemorrhagica; signs of follicular rupture; n = 35), 
and 3) luteal (12-16 days postovulation; CL 4-6 g; n = 
44). Bovine granulosa cells were collected from pre-es- 
trous/estrous follicles and used as a positive control for 
FSHR expression [7]. 

The cervix external os segment was taken as the initial 
3 cm of the cervix (total length of cervix is about 9 cm). 
The cervical os segments, primarily luminally oriented 
muscularis with epithelium, were sliced into horizontal 
strips (1 cm in length), pooled, and minced finely with a 
scalpel. The Kimron Veterinary Institute Animal Care and 
Use Committee approved all procedures. 

FSHR Gene Expression 

RNA isolation. Bovine cervical or ovarian tissues were 
rapidly dissected and frozen in liquid nitrogen (within 20 
min after slaughter). Total RNA was extracted using the 
acid phenol, guanidine thiocyanate technique [8], using 
TriReagent (Molecular Research Center, Inc., Cincinnati, 
OH) according to the manufacturer's instructions. 

Reverse transcription (RT)-polymerase chain reaction 
(PCR). Bovine FSHR mRNA was detected as previously 
described for the LH receptor mRNA [5]. Oligonucleotides 
corresponding to the published sequence of the bovine 
FSHR [7] were synthesized and used as primers in a PCR 
reaction. Bovine ovarian and cervical tissue cDNA ob- 
tained by RT of 2 u.g RNA was used as a template in the 
PCR reaction using a pair of primers corresponding to the 
transmembrane segments of the FSHR. The primers, 20- 
mer each, were selected using the OLIGO Program (Oligo 
Rl. primer analysis software; National Biosciences, Plym- 
outh, MN). The forward primer corresponded to position 
1399-1419 (5 ' CGGCTTTTTC ACTGTCTTTG3 ' ) on the 
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bovine FSHR mRNA [7]. The reverse primer was a 20-mer 
oligonucleotide complementary to position 1763-1783 
(5 'CGCTTGGCTATCTTGGTGTC3 '). The predicted size 
of the RT-PCR product was 384 basepajrs (bp). Four mi- 
croliters of the RT reaction . were used as a template for 
PCR; the reaction was allowed to proceed 35 cycles using 
2 U Termus Aquaticus DNA polymerase (recombinant) 
provided by MBI Fermentas, Vilnius, Lithuania, and 200 
pmol of each primer. The cycling parameters of the PCR 
were 98°C for 20 sec, 56°C for 45 sec, and 72°C for 45 
sec. After amplification the samples were separated on a 
1% agarose gel, stained with ethidium bromide, and pho- 
tographed under UV light. The 384-bp fragment was ex- 
tracted using the Wizard PCR Preps Kit (Promega, Madi- 
son, WI) and sequenced with the upper primer using an 
automatic sequencer (Applied Biosystems, Foster City, 
CA). For internal control, a bovine p-actin fragment of 890 
bp was produced from an upper primer (5'ACCA- 
ACTG GG ACG ACATGGAG3 ' ; 21 mer) and a lower prim- 
er (5 'GCATTTGCGGTGG ACAATGGA3 ' ; 21 mer) as pre- 
viously described [5]. Each PCR amplification was stan- 
. dardized using ovarian granulosa cDNA to produce a spe- 
cific band of the predicted size. Standardization was based 
on temperature, cycle number, Mg level, and pH. 

Western Blots 

Cervical, bovine seminal vesicle, or muscle minces were 
sonicated for 45 sec, lysed in 500 u.1 lysing buffer (1% 
Nonidet-40 [Sigma, St. Louis, MO], 2 mM EGTA, 5 nM 
MgCl 2) 1 mM PMSF in PBS) and incubated for 2 h at 4°C. 
After centrifugation, aliquots were taken for protein deter- 
mination using gamma globulin (Sigma) as reference stan- 
dard [9] and a protein dye binding method (Bio-Rad Lab- 
oratories, Richmond, CA). Sixty micrograms of protein of 
the soluble tissue extract was then separated by electropho- 
resis on 5-9%-gradient SDS-PAGE and electroblorted onto 
nitrocellulose paper (Amersham, Little Chalfont, Bucks, 
UK) as described previously [9]. The nitrocellulose mem- 
brane was washed with PBS containing 0.05% TWEEN-20 
and blocked with 1 0% horse serum (Kimron Veterinary In- 
stitute) in washing solution. The nitrocellulose membrane 
was then treated with either 1) an anti-peptide antibody 
(code name 179) raised against human (h) FSHR peptide 
265-295, diluted 1:500 (donation of Dr. J.A. Dias, Wads- 
worth Center, New York State Department of Health); 2) 
rabbit antiserum for bovine G protein (a s ) diluted 1:1000; 
UB1, Lake Placid, NY); or 3) rabbit anti-bovine cycloox- 
ygenase polyclonal antiserum (diluted 1:200; Kimron Vet- 
erinary Institute) [9]. Different dilutions were used for each 
antibody, and the final dilution used was 75% of the dilu- 
tion, which gave a maximal signal as previously described 
[9]. The nitrocellulose paper was then incubated with horse- 
radish peroxidase-conjugated goat anti-rabbit IgG (Sigma 
Israel, Rehovot, Israel; diluted 1:2000 in washing buffer) 
for 1 h at room temperature. The presence of FSHR, G 
protein (a s ), or cyclooxygenase was then visualized by 
means of a color reaction as follows. The nitrocellulose 
paper was incubated in a substrate solution containing 3'3'- 
diaminobenzidine (0.5 mg/ml; Sigma) in a mixture of PBS 
containing 0.5% CaCl 2 and 6% H 2 0 2 . The antibody to 
hFSHR recognized the 75-kDa protein of the FSHR. The 
antibody to G (a s ) recognized both the 42-kDa and 87-kDa 
forms of this protein, and the antibody to cyclooxygenase 
recognized the 72-kDa form (cyclooxygenase II). Extract 
of bovine seminal vesicles that are known to have a high 



content of cyclooxygenase was used as positive control as 
previously described [9]. The densitometric scans were ob- 
tained using a bio-imaging system (B.I.S. 2020; Rhenium 
Dingo, Jerusalem, Israel) and processed with Tina 2.0 soft- 
ware (Fuji, Japan). Linearity of detection [9] was deter- 
mined for densitometry for both Western and Northern 
blots. Each Western blot was evaluated in the absence of 
the first antibody, and no signal was detected. 

Northern Blot Analysis • 

For Northern blots, 10 u.g of total RNA was denatured 
in 20 u,l 50% formamide/2.2 M formaldehyde in single- 
strength 3-(w-morpholino) propanesulfonic acid (MOPS) 
buffer (0.04 M MOPS, 10 mM sodium acetate, 1 mM 
EDTA) at 65°C for 10 min. Samples were placed on ice, 
and 5 |xl of loading buffer (0.5% SDS, 0.25% bromophenol 
blue, 25% glycerol, 25 mM EDTA) was added. Samples 
were subjected to electrophoresis through a 1.2% agarose 
formaldehyde gel and transferred by capillary blotting to 
nylon membranes (Nytran; Schleicher and Schuell, Keene, 
NH). RNA was subsequently UV cross-linked to mem- 
branes. The RT-PCR product fragments of 384 bp for 
FSHR and 890 bp for p-actin were used to generate bioti- 
nylated probes using random primer biotin labeling of DNA 
for chemiluminescence (NEBlot phototype kit; Biolabs, 
Beverly, MA) according to the manufacturer's instructions. 
The blotted membrane was prehybridized at 65°C for 1 h 
in prehybridization solution (6-strength SSC [3 M NaCl, 
0.3 M sodium citrate], 5-strength Denhardt's reagent [1%. 
ficoll, 1% polyvinylpyrrolidone, 1% BSA], 0.5% SDS, and 
100 u,g/ml denatured salmon sperm DNAs) and hybridized 
overnight in the same solution with the denatured biotiny- 
lated probe to the target RNA. The membrane was then 
washed in double-strength SSC, 0.1% SDS at room tem- 
perature for 10 min and washed again in 0.1 -strength SSC, 
0.1% SDS at 68°C for 15 min followed by subsequent 
chemiluminescence, development, and detection on x-ray 
film (RX; Fuji Film, Tokyo, Japan). To obtain quantitative 
data for the specific mRNA, we used the densimetric value 
for p-actin mRNA to normalize each specific mRNA value. 
To remove FSHR probe, membranes were stripped using 
water for 15 min, then incubated in 0.4 M NaOH, 0.1% 
SDS at 80°C for 30 min. The membrane was rinsed again 
in 0.2 M Tris-HCl, 0.1 -strength SSC for 30 min at 25°C. 
After stripping, prehybridization and hybridization with p- 
actin probe were performed as described for FSHR mRNA. 

Cyclic AMP Determinations 

Cervical tissue minces (50 mg/ml) were incubated for 
10 min in wells of 1.5 ml containing 1.0 ml of Tissue Cul- 
ture Medium- 199 (TCM-199 without serum (Biological In- 
dustries, Beit Haemek, . Israel) in the absence or presence 
of physiological (5, 10 ng/ml) and pharmacological doses 
(20, 40 ng/ml) of FSH (USDA-bFSH-8-1; no further in- 
crease in cAMP production was seen at 50 or 100 ng/ml) 
or forskolin, a stimulator of adenylate cyclase (10 u.M; Sig- 
ma). The dose of forskolin was selected to give a 3-fold 
increase in cAMP. At the end of the incubation, tissues were 
removed, blotted on filter paper to remove mucus, and in- 
cubated overnight at 4°C with 400 \i\ of 3% HC10 4 . The 
solution was then neutralized with 1 50 u,l of KHC0 3 and 
centrifuged, and 50-u,l aliquots were taken for the radiore- 
ceptor assay as described by Brown et al. [10] and modified 
for endometrium by Miyazaki et al. [] 1]. Standards (0- 
1000 pg of cAMP) or samples were incubated at room tern- 
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FIG. 1 . RT-PCR amplification of bovine cervix FSHR and (3-actin mRNA. 
RT-PCR was performed as described in Materials and Methods for FSHR 
and (3-actin. Separate RT-PCR amplification products of FSHR (estimated 
384 bp) and 0-actin (estimated 890 bp) were combined and separated on 
agarose gel electrophoresis and stained with ethidium bromide. RT-PCR 
was performed using 2 n.g RNA of bovine granulosa cells as a positive 
control (lane 1), cervical tissue at the pre-estrous/estrous (lanes 3-4), post- 
ovulatory (lanes 5-6), and luteal phases (lanes 7-8). Lanes 9-1 0 represent 
reamplificatio'n, using as template the PCR product, cDNA, from the lu- 
teal-phase amplification. Lane 2 represents negative control in the ab- 
sence of RNA. The tissue was taken from 4 cows at each stage of the 
estrous cycle, and two representative samples from each stage are shown. 
SM, size markers. 



perature with 100 pi of cAMP binding protein prepared 
from bovine adrenal extracts as described [10]. The buffer 
used for the assay was added to form a final reaction vol- 
ume of 400 u.1. After 2-h incubation in a cold room, the 
reaction was stopped by adding 300 u>l of a charcoal-dex- 
tran solution; centrifugation followed, and the supernatant 
was removed for counting in a scintillation counter. The 
sensitivity of the assay was 60 pg/tube. Quadruplicate as- 
says were made for each value determined. The within- 
assay and between-assay coefficients of variance were 8% 
and 10%, respectively. 



1401 

BTFSH GCTTTTTCAC TGTCTTTGCC AGTGAGCTCT CAGTCTACAC TCTGACCGCC 
Cervix GCTTTTTCAC TGTCTTTACT AGTGAGCTCT CAGTCTACAC TCTGACCGCC 

BTFSH ATCACGCTGG AAAGATGGCA TACCATCACC CATGCCATGC AGCTCGAATG 
Cervix ATCACGCTGG AAAGATGCCA TCCCATCACC CGTGCCATGC AGCTCGAATG 

BTFSH CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 
Cervix CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 

BTFSH TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 
Cervix TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 

BTFSH AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 
Cervix AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 

BTFSH CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 
Cervix CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 

BTFSH GTGGCTGCTA CACT CACATC TACCTCACGG TGAGGAACCC CAACATCACA 
Cervix GTGGCTXCTI CACTCACATC TACCTCACGG TGAGGAACCC CAACATCACA 



1761 

BTFSH TCCTCTTCTA GTG 
Cervix TCCTCTTCTA GTG 

FIG. 2. Automated nucleotide sequencing and homology between Bos 
taurus mRNA FSHR (GenBank accession number L22319) from nucleo- 
tides 1401 to 1763 and the PCR products obtained using the upper primer 
as described in Materials and Methods. A homology of 97.5% was found 
between Bos taurus and our amplified cDNA obtained by RT-PCR from 
cervical mRNA at pre-estrus/estrus, suggesting that they are complemen- 
tary. 



Measurement of Phospholipase C (PLC) Activity 

Cervical minces (30 mg) were incubated in 1 ml TCM- 
199 containing 5 mCi [ 3 H]myo-inositol for 90 min. Slices 
were rinsed with 1 ml TCM-199 and incubated for another 
60 min to remove unincorporated [ 3 H]myo-inositol. At the 
end of the preincubations, slices were incubated in 1 ml 
TCM-199 containing 10 mM LiCl to inhibit inositol phos- 
phate (IP) hydrolysis, allowing 3 H-IP, 3 H-IP 2 , and 3 H-IP 3 to 
accumulate in the tissue after stimulation of PLC, in ab- 
sence or presence of 0-20 ng/ml of FSH or 0-20 ng/ml 
LH (USDA bLH-I-1). Incubations were terminated by add- 
ing 2 ml ice-cold chloroform/methanol/liydrochloric acid 
(5:10:0.1, v:v:v) and then 1 ml chloroform and 1 ml EDTA 
(5 mM) and extracted as described by Kisielewska et al. 
[12]. 3 H-IP, 3 H-IP 2 , and 3 H-IP 3 were separated from the 
labeled inositol compounds by using Dowex AG 1-X8 (for- 
mate form). 3 H-Labeled IP was eluted from the column by 
sequential elution into 10 fractions. Aliquots of each frac- 
tion were added to scintillation vials containing 5 ml scin- 
tillation fluid, and radioactivity was determined using a 
scintillation counter. Total activity of PLC is expressed as 
cpm of total IPs/30 mg/30 min. 

RIA for PGE 2 and PGF 2a 

Aliquots of 100 pJ were taken at the end of the incu- 
bation period for specific RIA of PGE 2 and PGF 2 „, which 
were performed without chromatographic separation. The 
antisera for PGF 2o (Sigma) reacts preferentially with PGF 2u 
but cross-reacts with PGF la (60%) and to a negligible ex- 
tent (< 0. 1%) with prostaglandins of the A, B, and E series. 
The antisera to PGE 2 (Sigma Israel) reacts preferentially 
with PGE 2 but cross-reacts with PGE, (20%), PGA,, PGA 2 , 
PGF la , and PGF 2 „ (< 10%) and to a negligible extent with 
PGB { and PGB 2 (< 0.1%). The intraassay coefficients of 
variation were 9% and 11%, and the interassay coefficients 
of variance were 12.3% and 13% for PGF 2 „ and PGE 2 . 

Statistical Analysis 

ANOVA was performed with a significance level of p 
< 0.05. Data were further analyzed using Tukey's proce- 
dure (p < 0.05 orp < 0.01) to assess significance between 
treatments. Student's /-test was used where appropriate. 
Values are expressed as means ± SEM. 

RESULTS 

FSHR mRNA Expression in the Cervix 

RT-PCR demonstrated that the FSHR gene is expressed 
in bovine cervix as indicated by the presence of the 384- 
bp fragment corresponding to bFSHR mRNA. The mRNA 
was maximally expressed in the cervix during the pre-es- 
trous/estrous phase. In contrast, the expression of the gene 
was reduced in postovulation cervix and not detectable in 
luteal-phase cervix (Fig. 1). However, reamplification of the 
PCR product, cDNA, from the luteal phase produced a de- 
tectable signal (Fig. 1). 

To demonstrate that the absence of FSHR mRNA in lu- 
teal-phase cervix was specific, bovine (3-actin mRNA was 
used as internal control. PCR demonstrated that the specific 
890 bp of the (3-actin cDNA band was produced by the 
cervical tissues of all the stages. The band for (3-actin was 
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FIG. 3. Northern blot for analysis of total RNA (10 jxg) extracted from 
bovine cervical tissues collected from pre-estrous/estrous, postovulatory, 
and luteal-phase cows, and bovine granulosa cells as a positive control. 
Relative migration of 28S and 1 8S ribosomal RNA is indicated. To localize 
rhRNA for FSHR and B-actin, our RT-PCR products (384-bp and 890-bp 
fragments, respectively) were used to generate biotinylated probes using 
biotin random primer. Figure shows results for FSHR mRNA in bovine 
granulosa cells as a positive control (lane A); and in cervical tissues at 
pre-estrus/estrus (lanes B-C), postovulation, (lanes D-E) and the luteal 
phase (lanes F-C). The corresponding B-actin band was obtained by re- 
probing of the membranes previously tested for FSHR mRNA as described 
in Materials and Methods. Columns show mean ± SEM of the optical 
density of the ratio FSHR:B-actin, in which the luteal phase is given an 
arbitrary value of 1.0. 'Significantly different from luteal-phase value (p 
< 0.01); n = 5 for each stage. 
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FIG. 4. Presence of FSHR protein in cervical tissues as determined by 
Western blot. Soluble cell extracts (60 n,g protein) were used to determine 
the amount of FSHR as described in Materials and Methods. Western blot 
proteins were transferred to nitrocellulose paper and probed with anti- 
serum to peptide hFSHR, 265-296. Western blot displays a representative 
result for bovine granulosa cells, used as positive control (lane A); bovine 
seminal vesicles (lane B) and muscle, used as a negative control (lane C); 
and cervical tissues from three stages of the estrous cycle: pre-estrous/ 
estrous (lane D), postovulatory (lane E), and luteal (lane F). Histogram 
summarizes the results for the three stages of the estrous cycle. Columns 
show mean ± SEM of the relative optical density in which the luteal phase 
is given an arbitrary value of 1 .0. 'Significantly different from luteal-phase 
value (p < 0.01); n = 7 for each stage. 



present even though the 384-bp band corresponding to the 
FSHR was absent (Fig. 1). 

The nucleotide sequence (Fig. 2) of the 384-bp fragment 
obtained from pre-estrous/estrous cervix was compared 
with that for the Bos taurus FSHR reported by Houde et 
al. [7]. It was found that there was a 97.5% homology be- 
tween the 384-bp fragment and the nucleotide range 1410- 
1763 found in. the Bos taurus FSHR- 

The Northern blot contained the expected three tran- 
scripts of 2.55, 3.3, and 3.8 kilobases (kb) present in the 
bovine granulosa. However, the high (6.8-kb) and low (1:6- 
kb) transcripts found in the ovary were not found in the 
cervix. The three transcripts were found in pre-estrous/es- 
,trous cervix, but only one transcript (2.55 kb) was seen in 
luteal cervix (1/8 of the pre-estrus/estnis level; n = 5) or 
postovulatory cervix (1/3 of the pre-estrus/estrus level; n = 
5) (Fig. 3). 
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FIG. 5. Effect of incubation of cervical tissues with FSH on the expres- 
sion of the FSHR protein. Cervical tissue from 5 pre-estrous/estrous cows 
was incubated in the absence or presence of FSH (0 or 10 ng/ml). Western 
blot is representative for FSH protein concentration after 3 h of incuba- 
tion, with granulosa cell extract serving as positive control. Lane A, Gran- 
ulosa cells (GC); lane B, cervical tissue at Time 0; lane C, cervical tissue 
after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 h of 
incubation with 10 ng/ml of FSH. Lane E represents muscle tissue incu- 
bated with FSH (10 ng/ml) for 3 h as a negative control. Histogram sum- 
marizes the results of six experiments. Columns are means ± SEM. 'Sig- 
nificantly different (p < 0.01 ) from the column representing the control 
at 3 h (a given value of 1). 



FSHR Protein in the Cervix. 

The presence of FSHR protein in the cervix was dem- 
onstrated as determined by Western blot analysis using a 
specific antipeptide antibody for h'FSHR. The antibody rec- 
ognized a 75-kDa protein in both bovine granulosa and 
cervical preparations identical with the predicted molecular 
size of FSHR. The signal for the 75-kDa protein was stron- 
gest in pre-estrous/estrous cervix when compared with 
postovulation- (3-fold) or luteal-phase (6-fold) cervix (Fig. 
4). With the use of 60 (xg protein in each lane, this protein 
was observed to be expressed throughout the estrous cycle. 

In Vitro Effect of FSH on Induction of FSHRs 

A time-course (0.75, 1.5, and 3 h) and dose-response (0, 
10, and 20 ng/ml) study was carried out to determine in 
vitro effect of FSH on its own receptor. Cervical minces 
(100 mg) from cows in the pre-estrous/estrous, postovula- 
tory, and luteal phases were used. It was found, as deter- 
mined by Western blot, that FSH induced its own receptor 
in cervical tissues at pre-estrus/estrus, with a 3-fold increase 
(p < 0.01) observed at 10 ng/ml after 3 h of incubation 
(Fig. 5). However, no effect of FSH was seen at earlier 
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FIG. 6. Effect of incubation of cervical tissues with FSH on the synthesis 
of G protein. Cervical tissues from 5 pre-estrous/estrous cows were in- 
cubated in the absence or presence.of FSH (10 ng/ml). Both the 87-kDa 
C protein (a, (3, y complex) and 42-kDa protein (a,) are elevated at 3 h 
of incubation. Granulosa cell extract was used as a positive control. Lane 
A, Granulosa cells (GC); lane B, cervical tissue at Time 0; lane C, cervical 
tissue after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 
h of incubation with 10 ng/ml of FSH. Columns are means ± SEM of 42- 
kDa protein. 'Significantly different (p < 0.05) from the column repre- 
senting the control at 3 h (with an arbitrary value of 1.0). 



times at the 10 ng/ml level. When 20 ng/ml was used, a 
stimulatory effect (2-fold) was seen after 1.5 h. No signif- 
icant response was observed when tissues of the postovu- 
latory or luteal phase were used at any dose or time tested 
(data not shown). 

Effect of FSH Treatment on G Protein (aj 

A time-course and dose-response study was carried out 
to determine whether cervical FSHR was coupled to G pro- 
tein. Cervical minces (100 mg) from cows in the pre-es- 
trous/estrous, postovulatory, and luteal phases were incu- 
bated in the presence of FSH (0-20 ng/ml) for 0.75, 1.5, 
and 3 h. It was found in pre-estrous/estrous cervical tissue 
that, in the presence of FSH (10 ng/ml), there was a sig- 
nificantly (p < 0.05) higher level of G protein (a s ) at the 
level of both the 87-kDa (a, p, y complex) and the 42-kDa 
(ct s ) proteins after 3 h of incubation (Fig. 6). FSH, at either 
10 or . 20 ng/ml, did not have a stabilizing effect on the 
level of G protein (ct s ) at shorter times of incubation (0.75 
or 1.5 h). No significant response was observed when tis- 
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FIG. 7. Effect of FSH on IP production in cervical tissue. Cervical tissues 
from six cows at each of three stages of the cycle were incubated for 30 
min in the absence or presence of FSH (10 ng/ml) or LH (ng/ml). IPs 
produced were determined in four replicates by amount of labeled com- 
pound (cpm) produced. Columns are means ± SEM (*p < 0.05; **p < 
0.01; significantly different from control value for each stage of the cycle). 



sues of the postovulatory or luteal phase were used at any 
dose or time tested (data not shown). 

IP Pathway Activation by FSH 

For IP measurement, cervical tissue minces (30 mg) 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated for 30 min in the absence or presence 
of FSH (10 ng/ml) or LH (10 ng/ml). FSH significantly (p 
< 0.01) increased the level of IP, IP 2 , and IP 3 at pre-estrus/ 
estrus. However, FSH significantly (p < 0.05) inhibited IP 
level in the postovulatory stage. In contrast, LH, but not 
FSH, stimulated IPs significantly (p < 0.01) at the luteal 
phase (Fig. 7). 

Adenylate Cyclase Activation by FSH 

A dose-response analysis was used to determine whether 
the cervical FSHR was coupled to adenylate cyclase. In 
these experiments, cervical tissue minces (50 mg) obtained 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated with FSH (0-40 ng/ml). FSH in- 
creased cAMP accumulation in a dose-dependent manner 
when incubated with pre-estrous/estrous cervical tissues, 
with maximal stimulation 2.5 times (p < 0:01) that of con- 
trol in the presence of 10 ng/ml (Fig. 8 A). In contrast, cer- 
vical tissue from luteal or postovulation did not respond to 
FSH even though tissues from all phases of the cycle re- 
sponded to forskolin with a significant {p < 0.01) increase 
in cAMP (Fig. 8B). 

Effect of FSH on PCE Production by Cervical Tissues 

A dose-response analysis was carried out to determine 
whether FSHR was associated with cervical prostaglandin 
production. PGE 2 and PGF 2u production by cervical minces 
(100 mg/ml) in the presence of FSH (0-20 ng/ml) was de- 
termined by R1A. FSH stimulated (p < 0.01) basal PGE 2 
production in a dose-dependent manner and caused a 3-fold 
increase in PGE 2 production at 10 ng/ml in pre-estrous/ 
estrous cervical tissues (n = 8, Fig. 9). FSH had no effect 
on the small amount of basal PGF 2 „ (< 1 ng/100 mg) pro- 
duced by cervical tissue (data not shown). FSH did not 
elevate PGE 2 in cervical tissues from the luteal phase; fur- 
thermore, a small but significant (p < 0.05) inhibition was 
observed at postovulation (Fig. 9). 
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FIG. 8. Effect of FSH on adenylate cyclase production in cervical tissue. 
A) Cervical tissues from six cows at pre-estrus/estrus were incubated (4 
replicates) for 10 min in the absence or presence of FSH (0, 5, 10, 20, or 
40 ng/ml) or forskolin (10 p.mol/L), and the amount of cAMP produced 
was measured by a protein binding assay. B) Cervical tissues from six 
cows at each of the three stages of the estrous cycle were incubated (4 
replicates) for 10 min in the absence or presence of FSH (10 ng/ml) or 
forskolin (10 u,M). The amount of cAMP produced was measured by a 
protein binding assay. Columns are means ± SEM. Columns with asterisks 
were statistically different from their own control (*p < 0.01; **p < 0.05). 
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FIG. 9. FSH dose response on production of PGE 2 by cervical tissues. 
Cervical tissues from 8 pre-estrous/estrous, postovulatory, or luteal-phase 
cows were incubated in the absence or presence of FSH (5, 10, or 20 ng/ 
ml) for 6 h, and the effect on the production of PGE, was measured by 
RIA. »p < 0.01; **p < 0.05. 
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FIG. 10. Effect of incubation of cervical tissues with FSH on the ex- 
pression of cyclooxygenase. Cervical tissues from 5 pre-estrous/estrous 
cows- were incubated in the absence or presence of FSH (10 ng/ml). The 
72'kDa cyclooxygenase II protein was elevated at 3 h of incubation. Lane 
A, bovine granulosa cells (CC); lane B, cervical tissue at Time 0; lane C, 
cervical tissue after 3 h of incubation in TCM-199; lane D, cervical tissue 
after 3 h of incubation with 10 ng/ml of FSH. Columns are means ± SEM 
of 72-kDa protein. *Significantly different (p .< 0.01) from the column 
representing the control at 3 h'(with an arbitrary value of 1.0). 



Cyclooxygenase Activation by FSH 

To determine whether the presence of FSHR was asso- 
ciated with the expression of cyclooxygenase, cervical 
minces were incubated for 3 h in the presence or absence 
of FSH (10 ng/ml). Tissues from pre-estrous/estrous, post- 
ovulatory, and luteal-phase cows were extracted, separated 
on SDS-PAGE, and tested for the cyclooxygenase II (72 
kDa) using a specific antibody. It was found that in cervical 
tissues from six pre-estrous/estrous cows, FSH induced a 
200% increase in the expression of cyclooxygenase after 3 
h of incubation (Fig. 10). In contrast, no effect on cyclo- 
oxygenase expression was seen in cervical tissues from lu- 
teal-phase cows, and an insignificant (p > 0.05) elevation 
at the postovulatory phase was observed (data not shown). 

DISCUSSION 

Results of this study demonstrate by both PCR amplifi- 
cation and Northern blot analysis that FSHR mRNA is pres- 
ent in the bovine cervix. The bands corresponding to the 
receptor (75 kDa) and its mRNA were maximally expressed 
during the pre-estrous/estrous phase. Incubation of cervical 
tissues with FSH increased the expression of cyclooxygen- 



ase and the production of PGE 2 (and possibly PGE,) at the 
pre-estrous/estrous phase. The stimulation of cervical cy- 
clooxygenase was associated with activation of both the 
PLC and adenylate cyclase second messenger G-protein re- 
lated pathways. 

Northern blot analysis of bovine cervical tissues from 
pre-estrous/estrous cows revealed multiple transcripts for 
bovine cervical FSHR. The sizes of the major transcripts 
were 2.5 kb, 3.3 kb, and 3.8 kb, which were similar to those 
obtained in bovine granulosa cells [7], rat testis and ovary 
[13, 14], and human ovary [15] and myometrium [16]. Oth- 
er minor transcripts have been reported in all of these spe- 
cies. The RT-PCR product yielded a single band of 384 bp, 
which was the expected molecular size, so the different 
isoforms of the FSHR are probably the result of differential 
splicing of the same transcript. Isoforms of FSHR have 
been characterized in human [17] and primate [18] ovary 
and in ovine testis [19]. Since only a single 2.5-kb isomer 
was present in luteal-phase cervix (which did weakly pro- 
duce FSHR), it would appear that there are different iso- 
forms present in the bovine cervix as well. 

The nucleotide sequence homology between our RT- 
PCR 384-bp product was 97.3% identical to the comparable 
region of the bovine FSHR, showing that our amplified 
cDNA was complementary to the Bos taurus mRNA FSHR. 
The PCR product of 384-bp cDNA was found primarily in 
the pre-estrous/estrous cervix. 

Using specific antibody raised in rabbits against hFSHR 
(amino acid sequence 265-296) for Western blot analysis 
resulted in a major signal for a 75-kDa protein. A protein 
of similar molecular mass has been reported in rat and hu- 
man ovary [20]. A strong signal for this protein was seen 
in the pre-estrous/estrous cervix compared with cervix from 
the other stages of the cycle. This cervical receptor was 
regulated by FSH itself, similar to the regulation of the 
FSHR in the rat ovary [14]. 

FSH increased cAMP production by cervical tissue from 
the pre-estrous/estrous phase but did not elevate cAMP in 
the postovulatory and luteal phases. FSH elevation of IPs 
displayed the same pattern. It would therefore appear that 
the cervical FSHR is associated with signal transduction 
pathways in a way similar to the accepted mechanism of 
LH action in the ovary and testes, i.e., activation of the 
second messenger pathways — adenylate cyclase [21] and 
phosphatidyl-inositol (PLC) [22, 23]. The inhibitory effect 
of FSH on IPs and cAMP at postovulation occur when 
FSHR is low. Since FSH activity is biphasic, i.e., is stim- 
ulated by a low dose and inhibited by a high dose, an in- 
hibitory effect at low concentrations could be the result of 
the change in the ligand-receptor ratio. 

FSH induced about a 200% increase in the expression 
of cyclooxygenase at pre-estrus/estrus but had no effect on 
the two other stages of the cycle. This was similar to the 
response of cyclooxygenase to LH that was observed for 
the bovine endometrium [2] and uterine vein [6]. However, 
in the endometrium, LH increased cyclooxygenase during 
both the luteal and postovulatory phases but not at estrus 
[2]. Furthermore, the induction of cyclooxygenase by go- 
nadotropin in the endometrium was associated with an in- 
creased level of PGF 2 „, while in the cervix PGE 2 was the 
major product. 

The bFSH was of immunological grade and devoid of 
residual biological contamination of LH, thyroid-stimulat- 
ing hormone, growth hormone, prolactin, or ACTH. The 
effects on increasing cAMP, PGE 2 , and cyclooxygenase as 
well as induction of FSHR were therefore specific. Fur- 
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thermore, it was found that highly purified hFSH (10-20 
ng/ml) (donation of J.A. Dias) had the same effects as 
bFSH when incubated with cervical tissue under the same 
conditions (2.5-fold increase in cAMP; 3-fold increase in 
PGE 2 ; 2-fold increase in cyclooxygenase). 

The relaxation and opening of the gravid cervix is due 
to active biochemical and structural changes in the cervical 
connective tissue that are mediated in part by prostaglan- 
dins [24]. It is thought that stretching of the cervix is a 
factor in causing the release of these prostaglandins [25, 
26]. The effect of PGE in causing cervical softening in the . 
ewe is also well documented [27-29]. In both nonpregnant 
and pregnant cows, PGE 2 causes an increase in cervical 
opening within 3 h of treatment [30]. PGE, administered 
intra-cervically in a jelly was shown to decrease cervical 
resistance within 24 h [31]. 

Recently, we reported [6] that oxytocin caused a signif- 
icant stimulation of PGE 2 production in vitro in cervical 
tissues from pre-estrous/estrous cows but had no effect on 
PGE 2 production in cervical tissue from other stages of the 
estrous cycle of the cow. Similarly, in an initial report [31], 
it was shown that administration of oxytocin to pre-estrous 
cows increased the concentration of PGE 2 in the cervical 
exudate. However, peripheral oxytocin concentrations dur- 
ing estrus are lower than during the luteal phase [32, 33], 
and elevations of both peripheral oxytocin and cervical 
oxytocin receptor concentration are necessary for oxytocin 
to cause cervical softening towards parturition [24]. Fur- 
thermore, progesterone in vitro induced a dose-dependent 
inhibition of PGE 2 release by cervical tissues from pre- 
estrous/estrous cows, and this was associated with a de- 
crease in both basal and oxytocin-stimulated PGE 2 produc- 
tion [6]. It would therefore seem that hormones other than 
oxytocin are responsible for the increase in cervical PGE 2 
in the pre-estrous/estrous cow. The present report indicates 
that FSH, which has its peak peripheral concentration at the 
time of estrus, could be the hormone that increases cervical 
PGE 2 , as the FSHR expression is maximal at this time and 
FSH in vitro increases PGE 2 production by the cervix. 

The bovine cervix at pre-estrus/estrus has high levels of 
FSHR protein and its corresponding mRNA. Activation of 
the receptor by FSH is associated with the G-protein-cou- 
pled receptor family that mediates the cAMP and IP sig- 
nalling pathways. These signalling pathways then increase 
the expression of cyclooxygenase and production of PGE 2 . 
The expression of the FSHR was maximal at the time of 
the FSH peak in the blood and suggests a physiological 
role for FSH in the relaxation and opening of the cervix at 
estrus. 
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The alpha(v)beta6 integrin receptor for Foot-and-mouth disease virus is 
expressed constitutively on the epithelial cells targeted iu cattle. 

. MonaghanP , GoldS, Simpson J, Zhang Z, Weinreb PH . Violette SM . Alexanders 
S, Jackson T . " — ~ 

histitute for Animal Health, Pirbright Laboratory, Ash Road, Pirbright, Surrey GU24 
ONI', UK. J 

Field strains of Foot-and-mouth disease virus (FMDV) use a number of alpha(v)- 
integrins as receptors to initiate infection on cultured cells, and integriris are believed to 
be the receptors used to target epithelial cells in animals. In this study, 
immunofluorescence confocal microscopy and real-time RT-PCR were used to 
investigate expression of two of the integrin receptors of FMDV, alpha(v)beta6 and 
alpha(v)beta3, within various epithelia targeted by this virus in cattle. These studies show 
tnat alpna(v)beta6 is expressed constitutively on the surfaces of epithelial cells at sites 
where infectious lesions occur during a natural infection, but not at sites where lesions 
are not normally formed. Expression of alpha(v)beta6 protein at these sites showed a 
good correlation with the relative abundance of beta6 mRNA. In contrast, alpha(v)beta3 
protem was only detected at low levels on the vasculature and not on the epithelial cells 
of any of the tissues investigated. Together, these data suggest that in cattle 
alpha(v)beta6, rather than alpha(v)beta3, serves as the major receptor that determines the 
tropism of FMDV for the epithelia normally targeted by this virus. 

PMDD: 1 6 1 8623 1 [PubMed - in process] 
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Urokinase-mediated posttranscriptional regulation of urokinase-receptor 
expression in non small cell lung carcinoma. 

Montuori N, Mattiello A, Maticini A. Taglialatcla 1>. Capiifi M gn«j_g. Hngzug 

Istituto di Endocrinologia ed Oncologia Sperimentale, Consiglio Nazionale delle 
Ricerche, Naples, Italy. 

The urokinase-type plasminogen activator (uPA) and its cellular receptor (uPAR) are 
involved in the proteolytic cascade required for tumor cell dissemination and metastasis, 
and are highly expressed in many human tumors. We have recently reported that uPA, 
independently of its enzymatic activity, is able to increase the expression of its own 
receptor in uPAR-transfected kidney cells at a posttranscriptional level. In fact, uPA, 
upon binding uPAR, modulates the activity and/or the level of a mRNA-stabili'zing factor 
that binds the coding region of uPAR-mRNA. We now investigate the relevance of uPA- 
mediated posttranscriptional regulation of uPAR expression in non small cell lung 
carcinoma (NSCLC), in which the up-regulation of uPAR expression is a prognostic 
marker. We show that uPA is able to. increase uPAR expression, both at protein and 
mRNA levels, in primary cell cultures obtained from tumor and adjacent normal lung 
tissues of patients affected by NSCLC, thus suggesting that the enzyme can exert its 
effect in lung cells. We investigated the relationship among the levels of uPA, uPAR and 
uPAR-mRNA binding protein(s) in NSCLC. Lung tissue analysis of 35 NSCLC patients 
shows an increase of both uPA and uPAR in tumor tissues, as compared to adjacent 
normal tissues, in 27 patients (77%); 19 of these 27 patients also show a parallel increase 
of the level and/or binding activity of a cellular protein capable of binding the coding 
region of uPAR-mRNA. Therefore, in tumor tissues, a strong correlation is observed 
among these 3 parameters, uPA, uPAR and the level and/or the activity of a uPAR- 
mRNA binding protein. We then suggest that uPA regulates uPAR expression in NSCLC 
at a posttranscriptional level by increasing uPAR-stability through a cellular factor that 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Inc. 

. PivllD: 12704669 [PubMed - indexed for MEDLINE] 
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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MT1-MMP, MMP-2 and MMP-9 in human 
glioblastomas. 

Munautc > Noel A, Hougrand O. PoidartJM. BoniverJ. DcprczM .' 

Laboratory of Tumour and Development Biology, University of Liege, Liege, Belgi 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs) 
Tumour cells are. the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
1, its soluble form sVEGFR-1, VEGFR-2 and neuropilin-1) are expressed predominantly 
by endothelial cells. Infiltrating tumour cells and newly-formed capillaries progress 
nSV he extracellular mStri . x fa y Iocal Proteolysis involving matrix metalloproteinases 
(MMPs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MT1 -MMP in 
human breast cancer cells was associated with an enhanced VEGF expression We used 
quantitative RT-PCR, Western blot, gelatin zymography and immunohistochemistry to 
srudy.the expression of VEGF, VEGFR-1, VEGFR-2, sVEGFR-1, neuropilin-1 MT1- 

• MMP "2. MMP-9 and TIM.P-2.in 20 human GBMs and 5 normal brains The 
expression of these MMPs was markedly increased in most GBMs with excellent 
correlation between mRNA and protein levels; activated forms of MMP-2 and MMP-9 
were present ^n 8/1.8 and 7/18 of GBMs. A majority of GBMs (17/20) also expressed high 
levels ot VEGF, as previously reported, with strong correlation between VEGF and MT1- 
MMP gene expression levels, and double immunostaining showed that VEGF and MT1- 
MMP peptides co-localize in tumour and endothelial cells. Our results suggest that the 
interplay between metalloproteinases and VEGF previously described in experimental 
rumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and. to up-regulate VEGF, MT1-MMP might be of central importance in the 

f^tr! GBMS 3nd re P resent m interesting target for anti-cancer treatments. Copyright 
2003 Wiley-Liss, Inc. 
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MT1-MMP, MMP-2, MMP-9 and TIMP-2 in a series of 20 GBMs 
and 5 normal brains. Using quantitative RT-PCR,. gelatin zymog- 
raphy. Western blot and immunohistochemistry, we showed a 
strong correlation between the expression of VEGF, MT1-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with previous in vftro studies and add to the evidence of an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Neuropa- 
lhology : CHU Liege between 1997 and 2001. The series included 
17 primary GBMs (ie., no previous history, of lower grade diffuse 
astrocytoma) and 3 secondary GBMs (i>., previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 
cases have been reported previously as part of a larger series. 31 The 
gender ratio was 1/1, and the age at time of diagnosis ranged from 
41-79 years (mean 56 years). Normal brain cortex and white 
matter were obtained from 5 patients with intractable epilepsy 
treated by partial temporal lobectomy. Histological examination of 
these specimens showed severe hippocampal sclerosis; frozen tis- 
sue was sampled from microscopically normal inferior temporal 
gyri. Our study was approved by the Ethical Committee of the 
Faculty of Medicine of the University of Liege. 



KNA extraction and cDNA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (Q1AGEN GmbH, Hilden, Germany) according to the manu- 
facturer's protocol. TotEil RNA (1 pg) was reverse transcribed with ■ 
a ThermoScript reverse transcriptase (ThermoScript RT-PCR Sys- 
tem, Invitrogen, Carlsbad, CA) and random hexamers as primers. 

Primers 

■ Primers pairs used in our study are described in Table 1. Primers 
for the VEGF gene were chosen to distinguish between VEGF, B? , 
VEGF J65 , VEGF 143 arid VEGF, 2) mRNA isoforms. Intron-span- 
ning primers and probes for the TaqMan system (primers for 
VEGFR-1 (Flt-lXsVEGFR-1, VEGFR-2 (KDR/Flk-1) and NRP1) 
were designed to meet specific criteria by using Primer Express 
software (Perkin Elmer, Foster City, CA). All primers were syn- . 
thesized by Eurogentec (Liege, Belgium). The 5'- and 3'-end ■ 
nucleotides of the probe were labeled with a reporter (FAM. = 
6-carboxy-flu6rescein) and a quencher dye (TAMRA = 6-car- 
boxy-tetramethylrhod2imine). We conducted BLASTn (National 
Center for Biotechnology Information; Bethesda) searches against 
dbEST and the non redundant set of GenBank, EMBL, and DDBJ 
database sequences to confirm the total gene specificity of the 
nucleotide sequences chosen for the primers. The specificity of the 
amplified PGR produc ts was confirmed either by restriction digest 
' or by sequencing. The 18S ribosomal RNA was measured using 
the Pre-Developed TaqMan Assay Reagents Endogenous control 
kit from Applied Biosystems (Foster City, CA). 



TABLE 1 -SEQUENCE OF PRIMERS AND TaqMan PROBES' USED FOR RT-PCR STUDIES 



Gene and accession 
number 


Position 


MMP-2 FP 


1740F 


MMP-2-RP . 


1964R 


NM_Q04530 




MMP-9-FP 


1592F 


MMP-9-RP 


1800R 


J05070 




MMP-14-FP ' 


1288F 


MMP-14-RP 


1508R 


NM_004995 




T1MPI-FP 


: 78F 


T1MP1-RP 


245R 


M12670 




T1MP-2-FP 


78F 


T1MP-2-RP 


245R 


NM 003255 




VEGF-FP 


1208F 


VEGF-RP 


I687R 


AHO01553 




28S rRNA-RP 


12403F 


28S rRNA-RP 


126I4R 


U 13369 




VEGFR1-FP 


2438F 


VEGFRl-RP 


2516R 


VEGFR) Probe 


2469 


AF063657 




sVEGFRl-FP 


2209F 


sVEGFRl-RP 


2388R 


sVEGFR 1 Probe 


2257 


U0I134 




VEGFR2-FP 


791F 


VEGFR2-RP 


946R 


VEGFR2 Probe 


820 


AF063658 




NRP1-FP 


183 IF 


NRPI-RP 


1942R 


NRP1 Probe 


1883 


XM 034725 





Sequence 



5'-AGATCTTCTTCTTCAAGGACCGGTT-3' 
5'-GGCTGGTCAGTGGCTTGGGGTA-3' 

5'-GCGGAGATTGGGAACCAGCTGTA-3' 
5'-GACGCGCCTGTGTACACCCACA-3' 

5'-GGATACCCAATGCCCATTGGCCA-3' 
5'-CCATTGGGCATCCAGAAGAGAGC-3' 

5'-CATCCTGTTGTTGCTGTGGCTGAT-3' 
5'-GTCATCTTGATCTCATAACGCTGG-3' 

5'-CTCGCTGGACGTTGGAGGAAAGAA-3' 
5'-AGCCCATCTGGTACCTGTGGTTCA-3' 

5'-CCTGGTGGACATCTTCCAGGAGTA-3' 
5'-CTCACCGCCTCGGCTTGTCACA-3' 



5'-GTTCACCCACTAATAGGGAACGTGA-3' 
5'-GATTCTGACTTAGAGGCGTTCA GT-3 ' 

5'-TCCCTTATGATGCCAGCAAGT-3' 

5'-CCAAAAGCCCCTCTTCCAA-3' 

5'-CCGGGAGAGACTTAAACTGGGCAAATCA-3' 

5'-ACAATCAGAGGTGAGCACTGCAA-3' 
5'-TCCGAGCCTGAAAGTTAGCAA-3' 

5'-TCCAAATTTAAAAGCACAAGGAATGATTGTACCAC-3' 

5'-CTTCGAAGCATCAGCATAAGAAACT-3' 

5'-TGGTCATCAGCCCACTGGAT-3' 

5'-AACCGAGACCTAAAAACCCAGTCTGGC;AGT-3' 

5'-cacagtggaacaggtgatgacttc-3' 

s'-aaccatatgttggaaactctgattgto'. 

5'-ccacagaaaagcccacggtcatagac/^-3' 



225 bp 
208 bp 
221 bp 
168 bp 
155 bp 



479 bp 
407 bp 
347 bp 
275 bp 
212 bp 



79 bp 



180 bp 



156 bp 



112 bp 



Cycles 



33 



37 



32 



33 



30 



33 



19 



40 



40 



40 



40 
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Gelatin zymography assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- ' 
mography on 2 normal brains and 18 GBMs. Ten cryositio^ 00 

^nfSbl^ «"'n/«ged for 20 min a, 5,0(%. The pellets 
tan s wer^f, f ' 0,al pr °' ein Tl ° m ^senM suplma- 

Tri HQ oH T> r ?^ dnS SampIe buffer < 62 " 5 

blue) 5 elecinhf" '7° g ' yCer0l: °" ,% ^ophenol 

«k (SDS P rrr?f - d,ree ' ,y °" i0% SDS-polyacrylamide 

gels (SDS-PAGE) contajnmg 0.1% gelatin (w/v).^er elcctro- 

(v^Tilon xT0 t 0 e , W M hed fW ' hr a ' IO ° m '""Perature in a1% 
50 mM Trif HQ „H 7° fi " "° ""^ S ° S ' to a buff " 

baL for V 8 (^a?37"r r , COn,a,n, " g - '° CaC1 -> and incu " 
, ' "or J» nr at 37 C. Gels were stained for 30 min with 0 1% 

^^S™ 1 "^ 250 " 45% W methTno^ 

ston 4 2 2 Bi^Td , Wi ' h ^^.One software ver- 

ric scattp o^t- LabOTa,ones - H^ules, CA) after densi.omet- 
nc scanning of the gels usmg a Fluor-S Multimager (BioRad). 

Western blot 

15 M JmTlr [ "': ' eVel fo: Cre ana ' yZed in 2 no "" al and 
buffer 10 ^ M ^ /u'li 25 ^ WCIC ™ Xed «2 sample 
buffer [0.25 M Tns (pH6.8), 10% SDS (w/v) 4% sucrose fv/v) 

2 h T" P ' °f ,an ° 1 (^") and 0. 125% bromophenol blu^ ^Wv)j 
and boiled for 5 mm. They were separated on 10% SDS^PAGE 
gels and transferred to a PVDF filter (NEN Boston MA) After 
blocking w„ h 5% milk (w/v) 0 )% ,^ een 20™';^ ™; r 2 

To^v n 3 / f ^[ OT, ? 5e " COnj ' U ° a,ed rabbi « ^'i-mouse anti- 
ead v h^\ Dik,, ; C OS ^ Denmark >- S ^ a '* were de- 
feoln MAI ^ 7 .^^o'^-^ence (ECL) kit (NEN. 
we 1 S " Ve ' m A nsi,ieS 0f *« ™n>»noieac.ive bands 

were analyzed w, lh Qunnnry One software (version 4.9 2 Bio-Rad 



VEGF AND MM PS IN GLIOBLASTOMAS 



851 



NIB 
1 2 



MT1 
MMP2 

TTMP2 

MAAP9 



Glioblastomas 

1 2 3 4 5 6 8 9 10 11 

I* _ — « w - i- — 221 bp 

i_ _ - 225 bp 



155 bp 



— -. -i «. ■-.,»-.«.—• ' 208 bp 



Figure 2- MMPs and T1MP-2 mRNA quantifica- 
tion, (a) Representative 2% agarose gels of RT-PCR 
products for MT1-MMP, MMP-2, T1MP-2 and 
MMP-9 in 2 norma] brains (NB) and 10 GBMs. (i) 
Scatter plots (as described in fig. 1). Experiment was 
repeated at least 3 tunes in duplicate. 



Laboratories) after densitometry scanning of Ibe X-ray films using 
a Fluor-S Multimager (Bip-Rad). 

Statistics 

VEGF.VEGFRs, MMPs and TTMP-2 expression values in 
GBMs were correlated using Spearman's test. Correlation was 
considered significant for 2-tailed p- value < 0.05. Statistical anal- 
ysis was earned out using the Prism 3.0 software (GraphPad, San 
Diego, CA). 

RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean = 322) and in all GBM samples (217-5,1 12; mean = 
1,774) as reported previously (Fig. I). 3 ' In most GBMs, VEGF 
mRNA levels were raised 2-15-fold above normal brain values. 
Tbc most abundant isoform in all cases was VEGF I65 , followed by 
VEGF I?1: VEGF 1B9 and VEGF )J5 (data not shown). VEGFR-1 
expression was found at similar levels in GBMs (89-357; mean = 
182) and normal controls (154-198; mean = 181). There was no 
correlation between VEGFR-1 and VEGF mRNA levels (p = 
0.35) in GBMs. VEGFR2 was expressed in all GBMs (48-582: 
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mean = 210) and in 8/20 cases at least twice normal values 
(87-1 11; mean = 103). VEGF and VEGFR-2 expressions were 
correlated significantly (p = 0.0035) in GBMs. NRP1 expression 
varied broadly between GBMs (75-3,260; mean = 1,061) con- 
trasting with a constant baseline expression in normal controls 
(383-397; mean = 390). In tumours, NRP1 correlated with 
VEGFR-2 (p = 0 0119) but not with VEGF (p = 0:084), nor 
VEGFR-1 (p = 0.066). sVEGFR-1 was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 101). sVEGFR-1, however, was found to correlate with 
VEGFR-1 (p = 0.0289), VEGFR-2 (p = 0.0029), and NRP1 (p ' 
0.0027) but not with VEGF (p = 0.053). 

Expression of MMPs and TIMP-2 

MT1-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the latter (Fig. 
2a). MT1-MMP mRNA levels were constantly higher in GBMs 
(34-202; mean = 106) than in normal controls (3-29; mean - 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in 1 8/20 and 14/20 cases respectively (Fig. 2b) and correlated with 
each other (p = 0.0187). MT1 -MMP mRNA levels correlated with 
MMP-2 (p = 0.0008) and MMP-9 (p = 0.005). TIMP-2 had a 
non-discriminative distribution in relation to the controls. TJMP-2 
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™ lsl ^ MTI-MMP 1 (p = 0.00)9) and MMP-2 (» - 
0.0002) bul not with MMP-9 {p = 0.1408)! ~" 

^T'mW.^"" mi - mP P'°"<» ™* MMP-2 

■ecK^i? rn S M ^ UMf - 2 ™« pro-MMP-9 were de- 
eded >n Ihe 18 GBMs and 2 controls examined (Fig 3 Table in 

MS aDd 2 D0Tmal brains (F'S- Table 11). They were signifi- 



~ Z"° y 0%™t? i ' h , ™ ram -*=™d activated MMP-2 levels 

SS^nTnS^ 

CWe/aricm V£Gf /renvoi an rf MMFs 

■ . . C MF - M MP-2, MMP-9 and T1MP_2 (Table Ql) There was 
^'M^Pr^MMPo'T" ^ "P-sio/a^dMTr! 

o^Tegp r ™ with ^ aDd ™ ^ 

Immunohistochemistryfor VEGF and MTI-MMP 
lheHfl G ce.L n T n0J " C,,> ; ily WaS Shown in ,um ° u ' "«« «*>- 
nosta.mng. MTI-MMP was detected in glioblastoma cells as a 
diffuse cytoplasmic staining ( Rg . 5 c, 4 . MTI-MMP positiv to was 
also seen ,„ endothelial cells and perivascular celMfil ' 5c) By 

an MtHZp 'T 6 WC ^ erVCd ^ ^'^""tion of VEGF 
andMTI-MMP 1D the cytoplasm of Durnerous Iumour cc))s (Rg 

DISCUSSION 

_ GBMs are highly malignant tumours with poor prognosis They 

VEGF™-i 0 Vr"rF O " SCU,ar Pr0 ' ifera,i0n and ^ highTeveTs of 
nmmniino " 3 S,r ° n8 m "° 8eD for endothelial cells thereby 

VE?F Kn ^'°f n " 1S - PrCVi0US have suggested that 

VEGF also simulates tumour cell invasion, migration art survival 
m mahgnan, ep.thel.al cells through an autocrine loop by which 
T a Z~'Z° ^ M?S induces V EGF secretion a'd feads to 
subsequent ampbficauor, of cell proliferation and protection 

SorCd ° lherS re P"- d P«vio„s.y that Z ZrZ 

VECTeTn, « T' Car ^ n ° ma Cd,s - MTI-MMP upregulates 
VEGF ex P ress,on whereas T1MP-2 reduces i, Therefore the 
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Figure 5— ltnrounohistocbemis- 
try (scale bar = 50 urn). (aj>) 1 VEGF 
positive tumour and endothelial cells 
(plain arrows) show granular red 
staining of the cytoplasm. Negative 
cells (empty arrow) are seen in their 
close vicimty. (c) MT1-MMP posi- 
tive cells show a strong brown cyto- 
plasmic staining. They include tu- 
mours 'cells (plain arrow) and 
endothelial cells, (empty arrow), (d) 
MTI-MMP positive tumour cells 
(plain arrow) are mixed with nega- 
tive cells (empty arrow), (ej) Double 
staining with VEGF (red) and MTI- 
MMP1 (brown). Double positive tu- 
mour cells (plain arrows) contrast 
with negative or single weakly pos- 
itive cell (empty arrow). 



pericellular proteolysis mediated by MT1-MMP in GBMs could 
also induce an autocrine loop resulting in enhanced VEGF expres- 
sion. In rum, VEGF could act as a paracrine factor on endothelial 
cells to stimulate angiogenesis. or possibly as an autocrine factor 
promoting glioblastoma cells survival-migration and invasion as 
demonstrated recently in the various tumour cell culture models. 

We compared the expression of VEGF and its receptors with 
MT1-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expression of these MMPs was markedly increased in most 
GBMs with excellent correlation between mRNA and protein levels. 
MT1-MMP expression has been shown previously to correlate with 
glioma aggressiveness and its transfection in different tumour cell 
lines triggers an angiogenic phenotype and promotes rumotir 
growth. 20 - 2 '- 30 - 3 *- 3 ." A majority of GBMs ( 17/20) also expressed high 
levels of VEGF, as previously reponed, with a stroDg correlation 
between VEGF and MTI-MMP gene expression levels. Double iro- 
munostaining studies showed co-expression of VEGF and MTI- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional coDtrol of VEGF by MTI-MMP could be operative Dot only in 
vitro but also in vivo in human GBMs. 

MTI-MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the presence of low concentration of 
TIMP-2.-* 0 Pro-MMP-2 activation occurs after the formation of a 
ternary complex that contains pro-MMP-2 linked to cell surface 
MTI-MMP via a TIMP-2 bridge. In accordance with this hypoth- 
esis, we found that MMP-2 activation occurred ir) 8/1 8 of our 
GBMs 20 -*" among which 7/7 tested for MTI-MMP showed high 
contents of this protease. 

Activated MMP-9 was also found in 7/18 of our GBMs. This is 
an interesting finding as active MMP-9 is able to mobilize VEGF 
from its ECM reservoir. 3 ' Therefore, MMPs could promote 
VEGF-mediated angiogenesis in GBMs by both transcriptional 
(MTI-MMP) and post translationa] (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers the proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR- 1 has 
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jNiu-i ana sVhGFR-1. Collectively our data su°eest lhai HUM* 

ductng VEGFs.gnal.ng IO ward ceJJ proliferation and migration 
Jn conclusion, our study adds to the evidence for an in.^i" 
between tneutUoprpteinase? and VEGF in ZZ GBMs 

to^tivT^^ 

to acDvate MMP-2 and to up-regulate VEGF, MT1-MMP jni-ht be of 

St SSf ° f hUma " S'-bJastomas^d 

sent an .nteresong target for anti-cancer treatments. 
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DNA Iiypermethylation is a mechanism for loss of expression of the HLA 
class I genes m human esophageal squamous cell carcinomas. 

YangG, SjmgY, ZhaoX, SoC, LJaoJ, Wan^LD, YangCS. 

Laboratory for ^Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 164 Frehnghuysen Road, Piscataway, NJ 08854-8020, USA. ^ °* 

The three human leukocyte antigen (HLA) class I antigens, HLA-A, HLA-B and HLA-C 
playunportant roles :,r .the elimination of transformed cells by cytotoxic T cells Frequent' 
loss of express.on of these anugens at the cell surface has been observed in many human 

^VT:Zr1 mlSm - f °- -gulation have been 

tes ed bm the molecular mecnanusms for transcriptional regulation are not clear We show 
by .rnmunohistochermstry that die HLA class I antigens are absent in 26 of 29 (89%) 
samp es of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
samples lost mRNA expression forat least one of the HLA genes, as shown ^by RT-^CR 
DNA the 29 pa.rs of ESCC and neighboring normal epithelium were exaLned for 
CpG iskind hypermethylatmn, homozygous deletion, microsatellite instability (MSI) and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
methylanon of fll e CpG islands of any of these gene loci. Thirteen of 29 ESCC samples- 
(45/o) exlub,ted methylation of one or more of the three HLA loci and six samples (21%) 
edubifcd methy at,on of all three loci. The HLA-B gene locus was most freqZtty 
methylated 38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 
hypermethylated and did not express mRNA, was activated after treatment with 5-azai- 
deoxycytrd.ne. Homozygous deletion of these three gene loci was not observed 
^ ^ T ly '° c W ^ ates of LOH and MSI were observed for the microsatellite markers 
' mSm ioof oh' D6S2 h 3 an ? 6S,666 > d ° Se 10 HLA-A, -B and -C loci, although a 
anflSl , u ^ 3t 3 nCarby l0CUS by the markers D6S1051 

and D6S1560) where the tumor suppressor gene p21(Wa.fl) resides. A strong correlation 
between genet.c alterations and mRNA inactivation was observed in the ESCC samoles 

ES^CcTt ? ^ ^ d3SS 1 gCne £XpreSS10n W3S ^™«y down Sa^' 

ESCC at both he proton and mRNA levels and that hypermethylation of the promoter 

Station ' " B " C 8CneS iS 3 maj ° r meChan ' Sm ° f ^captionS 
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Molecular and imomaohistochemical analysis of HER2/neu oncogene in 
synovial sarcoma. h 



riti A. Dosari S. 



?S^^^?S ky ^ i De " tal ScienCCS ' ° f Milan > A.O.S. 
l aolp and IRCCS Ospedale Maggiore, Italy. 

Amplification and/or overexpression of HER2/neu have been documented in many types 
of ep.thehal tumor and recently has been reported ,n sarcomas, particularly in 

? r ° le ,° f R2/neU akeratlons fa soft tissue *™«* " e " P°-ly 

understood Thus the present study investigates the expression of HER2/neu in 13 
parents with synovial sarcoma (SS). In this study, HER2/neu mRNA levels were 
measured in frozen t.ssue samples using a real-time reverse transcription-polymerase 

an i ST. ' XPreSSi ° n W3S aSS6SSed * ohistochemis^ us ng an 

ant.-HERZ/neu polyclonal antibody. Six normal skeletal muscle specimens were used T 
establish basal levels of HER2/neu mRNA. HER2/neu transcripts were de LSd in ah 

l^:T U l md SSS - F r ° f 13 SarC ° maS < 3 1 % ) ^nsJoi HER^SSa 
levels above ^ ^ whereas 3 ^ displayed HER2/neu pr^em 

ZSTT B ° th membranous ■*» cytoplasmic patterns of immmoLining were 

leveup'- onn to" 8 T™, ^ f ° Und Pr ° tein eX P ression - d ^ 

HFR9/^, „ coping recurrences (P - 0:02). Moreover, none of the patients with 

bxpressed ZTsZTr^ T l0P *t metaStaSiS - ° Ur d3ta demo <« that HER2/neu is 
expressed in SSs and that both membrane and cytoplasmic HER2/neu expression 

eorrdate wuh mRNA levels. Our results show that the presence of mcreST^ of 
HLK2/neu m SSs is associated with a more favorable clinical course. Further studies are 
needed to assess thexo.e of this oncogene in SSs and to evaluate the appli a" on 0 
nt^i^an y c^ Uma^, m ° n ° Cl ° nal in treatment regimens for this 
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Amplification and/or overejrpresdon or Hn;/„„, t . 
document in many tvpes „ f 7 ^ have be « 

u™ 7 i/pcs 01 epithelial tumor and recenthr 

MJJ«/neu polyclonal antibody. Six normal an anrj- 
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TABLE 1. Clinfcopathdogic Features of 13 Patients With SS 



No. 


Age(y)/G 


Site 


Subtype 


Surgery 


Chcmo/Radio 


Rec 


Mets 


HER2 


F.U(ro6) 


) 


68/F 


KJ 


MF 


RR 


No 


Yes 


Yes 


L 


108 


2 


71/F 


KE 


. BF 


WA 


No 


No 


No 


L 


12 


3 


27/M 


KJ 


. BF 


' ME 


Yes 


Yes 


Yes 


L 


24 
48 


4 


39/M 


T 


MF 


WE. 


Yes 


No 


No 


W 


5 


15/M 


N 


MF.PD 


WE 


Yes 


No 


No 


H 


48 


6 


41/F 


F 


MF.PD 


WA 


Yes 


No 


• No 


H 


48 


. 7' 


57/F 


Kl 


MF 


WA . 


No 


N/A 


N/A 


L 


N/A 


8 


48/M . 


F 


BF.PD 


ME 


Yes 


Yes 


No 


L 


36 


9 


29/F' 


T 


PD 


WE 


Yes 


Yes 


Yes 


L 


36 


10 


27/M 


KE 


BF 


WE ' 


No 


No 


No 


H 


24 


ii 


62/F 


A 


MF 


WE 


No 


Yes 


No 


I_ 


24 


12 


62/F 


F 


MF 


WA 


No 


No 


No 


L 


2 


13 


34/F 


L 


MF 


RR 


No 


No . 


No 


L 


2 



Abbreviations: Age, age al diagnosis; G, gender; M, male; F, female; Silc, anatomic location; KJ, knee, intra-artkular; KE; knee, 
extra-articular; T, thigh; N, neck; F. foot; A, arm; L, leg; Subtype, histological subtype; MF, monophasic fibrous; BF, biphasic; MF-PD, 
monophasic Jibrous with poorly differentiated areas;:BF-PD, biphasic with poorly difierenriated areas; PD. poorly differentiated; Surgery, 
primary surgical therapy; RR, radical en bloc resection; WA, wide through-bone amputation; ME, marginal en bloc excision; WFjwide en bloc 
excision; Chcmo/Radio, adjuvant postoperative chemotherapy and/or radiotherapy; Rcc, recurrence; Mets, presence of metastasis; HER2, 
J1ER2 mRNA expression; L, low expression; H, high expression; FU, follow-up status; N/A, not avaible. 



tein expression, ranging from 42% to 61 %. n " 15 Indeed, 
despite limited information on Her2/neu in this type 
of malignancy, based mostly on immunohistochemical 
findings,' 2 clinical trials of Trasumimab have been 
initiated for recurrent and metastatic osteosarcoma pa- 
tients (http://wvnv.cancer.gov/clinical_trials: MSKCC- 
99097/NCJ.-T98-0083 and COG-AOST01 21 ) . 

Therefore, we evaluated the mRNA expression and 
the gene product of HER-2/neu in 13 SS patients using 
real-time reverse transcription-polymerase chain reac- 
tion (RT-PCR) and immuriohistochemistry. To the best 
of our knowledge, this is the first report documenting 
increased levels of HER-2/neu mRNA and protein 
in SS. 



MATERIALS AND METHODS 

Patient Population 

Thirteen patients with primary SSs, obtained from the 
files of the Department of Pathology, Caetano Pini Orthope- 
dic Institute, were included in this study. Cases were chosen 
based on the availability of frozen primary rumor. Patient age 
ranged from 15 to 71 years (mean, 44.6 years). Anatomic sites 
included the knee (5 patients, 3 intra-anicular). thigh (2 
patients), foot (3 patients), arm (1 patient), neck (1 patient), 
and lower leg (7 patient). The histological subej-pes ivere 3 
biphasic (BF), 6 monophasic fibrous (MF), 2 monophasic 
fibrous with pooity differentiated areas (MF-PD), 1 biphasic 
with poorly differentiated aieas (BF-PD), and 1 poorly differ- 
entiated (PD). Clinical staging was 11B for all the patients. 
Local surgical excision was performed in 9 patients; amputa- 
tion, in 4 patients. Recurrence was observed in 5 cases with 
subsequent amputation (3 patients) and local excision (2 
patients). Metastasis occurred to lung (2 patients) and ingui- 
nal lymph nodes (1 patients). Five patients received adjuvant 
postoperative chemotherapy, and 1 patient (case 4) was 
treated with chemotherapy associated with radiotherapy. Fol- 
low-up ranged from 2 to 108 months (mean, 34.3 months). 
Clinicopathologic data are summarized in Table 1. 



Pathologic Studies and Frozen Tissue 
Selection 

In all cases, the primary tumor was available for study. 
Surgically resected tumor tissues were partly snap-frozen in 
liquid nitrogen and stored at -80°Cfor RNA extraction, and 
partly fixed in buffered formalin and embedded in paraffin 
blocks. Hematoxylin and eosin-stained sections were re-eval- 
uated and graded according to FTS'CLCC grading system- 16 
Frozen tissue blocks were handled as follows: 4-/Mhick frozen 
sections were cut and stained with hematoxylin and eosin to 
determine the percentage of tumor cells present in the spec- 
imen. We used tissue blocks with tumor cells comprising 
more than 80% of the;specimen. About 1 0 20-p.-ihick sections 
were collected into Eppendorf rubes. Another 4-ix-thick fro- 
zen section was cut after the serial sections and examined by 
light microscopy to guarantee the percentage of tumor cells 
collected. Trizol (Life Technologies; Gibco BRL, Gaithers- 
burg, MD) was used for RNA extraction, according to the 
manufacturer's protocol. RNA was quantified spectrophoto- 
metrically. . . 



cDNA Synthesis 

Total RNA (200 ng) was reverse-transcribed in a total 
volume of 50 itL containing 1 X TaqMan buffer, 5.5 mmol 
MgCI?, 1 mmol deoxynudeotides, 2.5 ttmol random hexam- 
ers, 20 U RNasc inhibitor, and 62.5 U MuLv reverse transcrip- 
tase. The samples were incubated at 25°C for 10 minutes, 
48°C for. 30 minutes and 95°C for 5 minutes. 



PCR Amplification 

Amplification reactions were performed with the Univer- 
sal TaqMan 2 X PCR fnasiermix in a volume of 25 /iL con- 
taining 300 nmol of each primer, 100 nmol of probe, and 5 
fiL of cDNA: Both 0-actin and HER2/neu amplification were 
done in duplicate fot each sample. 

The thermal cycling conditions included 2 minutes at 
50'C and 10 minutes at <J5°C, followed by 40 cycles of 95 = C for 
15 seconds and 60°C for 1 minute. All tcagents used for 
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RT-PCR were purchased from Applied Biosystems (Foster 
City, CA). 

Primeis ond Probes 

Primers and probes for >actin and HER2/neu mRNA 
were chosen using ihe computer program Primer Express 
(Applied B'osptems) Sequences of the forward primer for 
HER2/neu mRNA (CenBank accession number X03363) 
were 5'-TCC TGT CTC CAC CTC CAT CAG3' and the 
reverse primer 5'-CCA AAG ACC ACC CCC AAG A-3'- the 
J 3 * 1 *™ P"*> c «a» 5' (FAM)-ACC ACA ATG 
CCA ACC ACC CCA CA-(TAMRA)-3'. Sequences of the for- 

^mJ!? 0 " l^Z?™*- (^"BMk accession number. 
X00351) were 5-TCC TTC CTC CCC ATG GAG-3' and the 
reverse pnmer 5'-ACC ACC ACC AAT GAT CTT GAT CTT- 

r>A VZFUZS' ^"J?^ 3 " P robe Vva5 5 '(FAM)-CCT CTG 
CCA JCC ACC AAA CTA CCT TC(TAMRA)3\ Probes were 
purchased from Applied Biosystems. 

Reol-Time RT-PCR 

To measure HER2/neu expression in these tumors we 
used a rcal-ume quantitative RT-PCR based on TaqMan meth- 
odology as previously described," with minor modifications. 
Briefly, this technique allows, by means of fluorescence emis- 
sion, to find the cycling point when PCR product is detectable 
(Ct value or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the target mRNA "> 
J o normalize the amount of total RNA present in each reac- 
tion, we amphficd the housekeeping gene ^actin, which is 
assumed to be constant in both normal samples and tumor 
tissues. r 

° Ur r " u,u ' m «P'««d as relative leveb of HER2/neu 
mRNA referred to a sample; called a "calibrator," chosen to 
represent IX expression of this gene. The calibrator was a 
breast cancer cellular line (MCF-7)" that was analyzed on 
every assay plate with the unknown samples. All of the ana- 
lyzed rumors expressed n-fold HER2/neu mRNA relative to 
the calibrator. 

The amount of target, normalized to an endogenous 
reference (0-ac.m) and relative to the calibrator, v^s defined 

Detfcto 7 n 0 ' % de * ribeA ^ Livak K (Sequence 

Detector User Bullenn 2; Applied Biosystems). Specifically 
the formula is applied as follows: 

target amount = 2"****" 

where MX, = ||Ct (HER2/ncu sample) - Ct (ftnc.in 
»mp e)) - |C, (HER2/ncu calibrator) - C, <^cri„ calibra- 
tor))). 



Immunohislochemisfry 

Formalin-fixed. paraffin-embedded tissue sections were 
deporaffinized. ichydra.ed. and exposed ,o .he primary anti- 
body us.ng. die tnVision+ system (Dako. Carpin.eria, CA) 
Pnmary an.i-HER-2/neu antibody (rabbi, polyclonal ami! 

of 1.2000 for 60 minu.es a. room .emperarure. Before expo 
sure ,o ."^ primary antibody, sections were mictowave-pre- 
nea.cd in EDI A, P H 8.0. ,o retrieve an.,ge„,ciry. and incu- 
bated with endogenous peroxidasc-blocking solurion for 10 
mmu.es a. room .emperarure. Positive conuol, cons.iru.ed bv 

? uvv?,™ 0 ™ ihm> " ing ' n0,c ,han 807 o P°*<*e seining 
for HtR2/„eu. 3S ncga6vr < Qnn J in 8 

primary annbody was omi.ied, were sbined in parallel. . 




normal fesuerF6 syrmviajsarromas synovial sarcomas 
(tow expression) (high exptesstor)>' 
n=S. n=4 

mu^te L.^'^" £? " ER2/ne V mRNA namd 
r^n ™2 IOW_ ^ htglvexptession sarcomas. 

.^each% e ^ dromeOTWds, ^ 0 ' de ^°'»^-e W 



All cases were examined for both cytoplasmic and mem- 
brane immunoreactivity. Cytoplasmic staining was evaluated 
on a semiquantirahve scale, according to Kilpa.rick et al with 
minor modnScat.ons.' 0 and reported as 0 (no seining or 

cells), 2+ (moderate stainmg in >10% of cells), or 3+ 
(strong stammg ,„ > 10% of celb) ^ presenC( .. of , mem . 
branous pattern of staining was recorded separately and 
scored as absent..(no staining or weak seining in <W% of 

^nt OT r Pr n C "' (com P ,<:,c and /<* incomplete staining in 
>10% of cells). Tumors with a cytoplasmic score of 3+ were 
considered to have high HER-2/neu protein expression 



Stolisiicol Analysis 



Statistical ddTerences were calculated by Fisher's exact 
<es.. Jhe Mes. me.hod was used to evaluate .he differences 
between groups. Differences were considered sta.is.icalry sig- 
nificant when .P was <0.05. 



RESULTS 

HER2/neu mRNA Evoluolion 

All of the tissues analyzed contained delectable 
JeveJs of mH2-nev mRNA. 5« norm*) tissue series 
(skeletal muscle) were used to establish basal level of 
HER2/neu mRNA. All the normal samples expressed 
very low levels of HER2/rieu mRNA, ranging from 0.9 

llJ n i? {T " ean ' }A n) - *e 13 tumor samples, 

HER2/neu levels varied greatly, ranging from 2.1 to 
21 n. Setting a cutoff level at 7.9 n (a value that repre- 
sents the mean value of expression distribution of the 
SSs), 9 cases (69%) had low HER2/neu expression and 
■1 cases (31%) had high HER2/neu expression (Fig I; 
Table 1). The difference between the 2 groups (low 
and high HER2/neu tumors) was statistically significant 
{P = 0.0004). 6 
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, irfochemico* tocalbolion ol HER?/neu in SS. (A) Positive control (breast cancer) showing typical strong 
^ ™ ° ° ^^ Y i (B) CaSe Z ° biphasic ^ *PtoVing very local membrane staining limited to a glandJInset: local 
^rf-^o^r^ k'" hS ep j ,helio1 component ot the same cose. (C) Cose 10. the epithelial component ol this biphasic 
c^optofm c oTh memb '° ne Pat1e,n °' s,oinin 9' <P> Co5e an epithelioid orea in a; monophoslc fibrous SS. showing strong 



HER2/neu Piolein Expression 

Staining with HER2/neu antibody revealed a vari- 
able cytoplasmic and membrane staining pattern. 
I"hree tumors (23%) showed strong staining involving 
both the cell membrane and the cytoplasm (cases 4, 5, 
and 10); weak to moderate, exclusively cytoplasmic 
staining was observed in 7 cases (cases ], 3, 6, 7, 8, 9, 
and 11). No staining was detected in 2 tumors (cases 12 
and 13). In 1 case (case 2), a cluster ol glandular 
structures representing <5% or the rumor showed 
weak cytoplasmic and very focal membrane staining, 
lite latter limited io a single gland. The epidieliaJ/ 
epithelioid components exhibited stronger cytoplasmic 
siaining compared with the spindle-cell component of 
the tumors. Membrane staining was predominantly in- 
complete 3nrJ limited to the epitbelial/epiibeiioid ar- 
eas. All 3 cases with high immunohisiochemical expres- 
sion of HER2/ncu (cases 1, 5, and 10) were grade JJ] 
sarcomas, including 1 MT, 1 JJF, and ) MF-PD SSs. 



Examples of HER2/neu cytoplasmic and membrane 
staining are depicted in Figure 2. 

Correlolion of Molecular ond 
Immunohisfochernicol Results 

A strong, statistically significant association was 
present between protein expression, for both mem- 
brane and cytoplasmic staining, and HER2/neu mRNA 
levels (P = 0.03), although ] case (case 6) displayed 
discordant results. Interestingly, this neoplasm showed 
high HER2/neu mRNA levels, whereas only weak stain- 
ing, limited to the cyloplasm of a minoriry of rumor 
cells, was detected by immunohisiochemical analysis. 

HER2/heu Expression ond Clinicopothologic 
Parameters 

Boih J-IER2/neu protein expression and mRNA 
levels were evaluated io establish the relationships to 
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TABLE 2. Correlation Between Clinicopathologic 
Features ond HER2/neu Expression os Detected by 
IHC and RT-PCR 



HER2/neu 



JHC 



Variable 


L 


H 


.P value 


L 


H 


J> value. 


Age (years) 














<40 


3 


3 




3 


3 




>40 
Sex 


7 


0 


. NS 


6 


1 


NS 


Female ' 


8 


0 




7 


1 




Male 

Tumor size (cm) 


2 


3 


0.03 


2 


3 


NS 


<5 


3 


2 




3 


2 




>5 

Histological grade 


7 


1 


NS 


6 


2 


NS 


11 


3 


0 




3 


0 




111 

Histological type 


7 


3 


NS 


6 


4 


NS . 


MF 
. BF 
PD 

Chenjo/RacKolh crapy* 


5 
■2 
3 


] 
] 
1 


NS 


5 
2 
2 


1 

1 
2 


NS 


Yes 
No 

Recurrence-* 


4 

5 


2 
1 


NS 


3 
5 


3 
] 


NS 


Yes 
No 

Metastasis! 


5 
2 


0 

3 


NS 


5 
1. 


0 
4 


0.02 


Yes 
No 


3 
4 


0 

3 


NS 


3 
3 


0 
4 


NS 



ri^ R "Sr° m: U ° W OS"'** 0 "-- H. high expression; NS, not 
7% f •, m0n °P has " : fib ^: BF, biphasic; PD, poorly dker- 
enfcated (.ncludrng MF and BF poorly differenced areas) 
'inforaauon not available for case 7. 
tCases 7. 12. and 13 »ere excluded Jrcn the analysis. 

cliriicopathologic features, including local recurrence 
and metastatic disease. Two cases (cases 1 2 and 1 3) with 
follow-up less than 12 months and ) case (case 7) for 
which clinical information was not available were ex- 
cluded from the analysis of recurrences and metastatic 
behavjor. 

*Jo correlation was observed between HER2/neu 
mRNA expression and age, sex, tumor size, tumor 
grade histotype, and metastasis. A correlation between 
sex of the patient, and HER2/neu protein expression 

JTk ™n ? f * CI ' "° ne ° f ,he remale P 30 " 1 " 5how ^ 
nign HtH2/neu protein expression {P = 0 03) Pa 
lients with high Her2/neu mRNA levels had a lower 

m r?x, rrence ,han ,nose wln lo» Hcr2/neu 

mRNA levels (P = 0.02). None of the cases with high 
HER2/neu mRNA levels developed metastatic foci al- 
though the small number of observations precluded 
reaching statistical significance (P = 0.]). Results are 
detailed in Table 2. . 

DISCUSSION 

The present work provides ihe first combined mo- 
lecular by real-time RT-PCR and irnmunohistochemical 
ev,dence that HER2/neu overexpression occurs in SSs 



Our results indicate that this parameter may provide 
prognostic information and suggest that a specific ther- 
rrrL^ humani2ed monodonal antibodies against 
HER2/neu may be considered in a significant number 
of SSs. 

The HER2/neu oncogene has been extensively 
investigated as.a prognostic factor and more recently as 
a predictor of response to therapy. It has been demon- 
strated m breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification ^and 
in other epithelial tumors, including ovarian «Utric 
lung, and urinary bladder cardnomas. 

HER-2/neu amplification/ overexpression appears 
to be an early event in oncogenic transformation by 
interacting with other members of the HER family 5 In 
breast cancer, it is involved in cell cycle and apoptotic 

™T '^ gh ' h , ^XT 0 ^ e£fecls media ^d by . 
p53 and p21 deregulation. 223 

Whether HER2/neu overexpression plays an im- 
portant role in mesenchymal neoplasms remains con- 
troversy. Ari irrrmunohistochernical study of sarcomas 
using a monoclonal antibody, reported no evidence of 
immunoreactiviry for HER-2/ neu in 6 SSs as well as in 
other 197 mesenchymal tumors, with cytoplasmic reac- 
tivuy observed only in 1 case of peripheral neuroepi- 
thelioma. A recent investigation reported gene ex- 
pression profiles of 41 soft tissue tumors with cBNA 
microarray analysis. Among these sarcomas 6 
monophase SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, induding trie 
epidermal growth factor receptor, which shows 50% 
homology with the HER2/neu gene. 24 These data also 
suggest that the :erb-B receptor family plays a significant 
role in 6S. It has been demonstrated that a. variable 
number of osteosarcomas overexpress HER2/neu 11-15 
However, more recent studies 20 * 5 - 26 were unable to 
detect any.HER2/neu gene amplification and/or over- 

r^,?°r?rn^ 8 "^""nce in situ hybridization 
(i-K>M), KI-FCR, and lmmunohistochernistry 

Differences in the techniques used may play an 
important role and explain (at least in part) these 
d.screpancies. HER2/neu alterations can be evaluated 
usmg different techniques including immunohisto- 
chemistry, FISH, Southern hybridization, Northern 
blot, and competitive, differential, or real-time RCR. 27 
Immunohistochemistry is the most common method 
for detection of HER2/neu overexpression, but it is 
significantly affected by the sensitivity and specificity of 
the annbodres used, the ryp e of tissue (frozen vew 
formalin-fixed), and the various interpretative criteria 
and scoring systems' used to evaluate cases. Indeed 
most studies of HER2/ n eu expression in osteosarcoma 
used irnmunohistochemical techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well as a lack of standardized evaluation. 

For these reasons, to evaluate HER2/neu immu- 
noreactivity in our study, we used a polyclonal antibody 
(Dako, Caipinteria, CA), arguably the most diffuse and 
thoroughly tested antibody for HER2/neu assessment. 
Furthermore, we investigated HER2/neu mRNA ex- 
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. pression with real-time RT-PCR, because it has been 
demonstrated that mRNA levels correlates tightly with 
protein expression. 28 At present, real-time RT-PCR 
probably represents the most powerful tool for quanti- 
tative analysis, because it allows better internal control 
and reduction of sample contamination, and provides 
more objective results. 18 

We analyzed HER2/neu gene expression at the 
mRNA and protein level in 13 cases of SS. HER2/neu 
expression was found in all of the cases investigated, 
and mRNA content in the tumors varied from 2.1 to 
24 n. 

The variability of mRNA levels in SSs is reflected 
on heterogeneity of protein expression pattern as de-' 
tected by immunohistochemistry. We found that 
HER2/neu immunoreactivity correlates strongly with 
mRNA levels. A convincing cytoplasmic immunoreac- 
tivity was documented with the polyclonal antibody in 
10 of 13 sarcomas. Distinct membranous staining was 
observed in 3 cases, although it was never comparable 
to the positive breast control. It was predominantly 
incomplete and identified in the epitbelial/epithelioid 
component of SS. Interestingly, all of the cases with 
. strong cytoplasmic staining also exhibited a membrane- 
staining pattern. 

In breast cancers, a membranous pattern of stain- 
ing is thought to be specific for HER2/neu protein 
expression and correlated with gene amplification, 
whereas cytoplasmic staining is usually considered non- 
specific. 29 However, cytoplasmic positiviry for HER2/. 
neu has been reported to be prognosticate significant 
in other tumor types; including bladder, colon, pan- 
creas, thyroid, and nasopharyngeal carcinomas, and 
even in breast cancer. 3 

Patients with high HER2/neu mRNA expression 
had a significantly lower risk of recurrence. Similarly, 
all of the cases with high HER2/neu expression did not 
metastasize, although this correlation did not reach 
statistical significance due to the small number of cases 
studied. These data suggest that HER2/neu plays a role 
in the biology of SS and that HER2/neu overexprcssion 
may be linked to a less-aggressive clinical behavior. 
Indeed, unlike many cancers where HER2/neu overex- 
pression has been shown to correlate wiih poor prog- 
nosis, HER2/neu levels are linked 10 a more favorable 
clinical course in other malignant rumors, such as thy- 
roid carcinoma and osteosarcoma. 15 54 

The .molecular mechanisms responsible for the 
action of HER-2/neu in SSs are unknown. A possible 
interaction between HER-2/neu and the other mem- 
bers of HER family could be important in tumorigen- 
esis. Derangements of other oncogenes, tumor suppres- 
sors, and apoptosis regulators have been described in 
SSs. For instance, many SSs have been show to be 
diffusely positive for bcl-2 family proteins (bcl-2, bax, 
bcl-x, and bak). These members of the bcl-2 family are 
involved in the regulation of apoptosis in SS. 35 This 
raises the hypothesis that complex alterations in apop- 
tosi5-contr6lling mechanisms are present in diese neo- 
plasms, with HER-2/neu interacting with Bcl-2 family 



members. Further studies . are needed to clarify the 
mechanisms of apoptosis in SS. 

Depending on the size and location, the therapy of 
choice for SS is radical local excision or amputation.. 
Whenever radical su rgery cannot be performed, radio-, 
therapy in concert with local excision is suggested in an. 
attempt to avoid the need for amputation. Only re- 
cently has a study evaluated thepossible role of chemo- 
therapy in the treatment of SS. 

The role of molecular markers in predicting treat- 
ment responsiveness is currendy the focus of extensive 
investigation. Breast cancer patients with high HER2/ 
neu expression appeared to benefit from high-dose 
CAE (cyclophophamide, adriamycin, and 5-fluoroura- 
cil) therapy. 38 In our study, 3 of 4 patients with high 
HER2/neu expression received adjuvant chemother- 
apy with ifosfamide; these patients had a favorable clin- 
ical outcome. These data raise the possibility that 
HER2/rieu may have value in predicting which patients 
are likely to respond to specific adjuvant chemotherapy 
regimens. Whether the favorable significance of 
HER2/neu expression depends on predicting clinical 
recurrence, response to chemotherapy, or both re- 
mains to be fully elucidated in SS patients. • 

To the best of our knowledge, this is the first . 
report that shows expression of HER2/neu in primary 
SS by real-time RT-PCR. Elevated levels of HER2/neu 
niRNA and protein are found in a significant group of 
SS patients, and these levels appear to correlate wiih 
features of good prognosis. Furthermore, our results 
suggest that this mechanism of disease in SS may be the 
target of specific inhibitory therapies based on human- 
ized monoclonal antibodies. Considering the small 
number of patients examined, further investigation is 
needed to confirm these preliminary findings. 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 

Torben F. 0rntoft:j:§, Thomas Thykjaerfl, Frederic M. Waldman||, Hans Wolf**, 
and Julio E. Celist^ 



Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 
two-dimensional gel electrophoresis. The results showed 
that there is a gene dosage effect that in some cases 
superimposes ori other regulatory mechanisms. This ef-: 
feet depended (p < 0.015) on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-45, 2002. 



Aneuploidy is a common feature of most human cancers 
(1), but little is known about Ihe genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
• have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-82, cyclin dl, 
ems 7, and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myc copy number in- 
crease was observed without concomitant c-myc protein' 
overexpression (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, and comparative genomic hybridization .(CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of it, as well as 
loss of Y in males. In minimally invasive pT1 TCCs; the fol- 
lowing alterations have been reported: 2q-, 11p-. 1q + ,. 
11q13+, 17q+. and 20q+ (7-12). II has been suggested that, 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with, 
gene expression profiling techniques (microarrays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of noninvasive and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 

Material— Bladder tumor biopsies were sampled after inlormed 
consenl was obtained and alter removal ol tissue lor routine pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial papillary); 

' The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH, loss ol helerozygosity; 
PA-FABP, psoriasis-associated latty acid-binding protein; 2D, 
two-dimensional. 
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Fig. 1. DNA copy number ond mRNA expression level. Shown from left to right are chromosome {Chr.), CGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A, expression of mRNA in invasive tumor 733 as 
compared with the non-invasive counterpart tumor 335. fl, expression of mRNA in invasive tumor 827 compared with the non-invasive 
counterpart tumor 532. The average fluorescent signal ratio between tumor DNA and normal DNA is shown along the length of the cHromosome 
(/eft). The bold curve in the ratio profile represents a mean of lour chromosomes and is surrounded by thin curves indicating one standard 
deviation. The central vertical line {broken) indicates a ratio value of 1 (no change), and the vertical lines next to it {dotted) indicate a ratio of 
. 0.5. {left) and 2.0 {fight). In chromosomes where the non-invasive tumor 335 used for comparison showed alterations in DNA content, the ratio 
profile of that chromosome is shown to the right of the invasive tumor profile. The colored bars represents one gene each, identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDL.DK/sdata.htmi). The bars Indicate the purported location of 
the gene, and the cofors indicate the expression level of the gene in the invasive tumor compared with the non-invasive counterpart; >2-fold 
increase (b/ac*), >2-lold decrease {blue), no significant change (orange). The bar to the far right, entitled Expression shows the resulting change . 
m expression along the chromosome; the colors indicate that at least half of the genes were up-regulated {black), at least hall of the genes 
down-regulated {blue), or more than half of the genes are unchanged {orange). II a gene was absent in one of the samples and present in 
another, it was regarded as more than a 2-lold change; A 2-lold level was chosen as this corresponded to one standard deviation in a double 
determination of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pf 1 
(invasive into submucosal, 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

mRNA Preparation-Tissue biopsies, obtained Iresh from surgery, .. 
were embedded immediately in a sodium-guanidinium thiocyanate 
solution and stored at -80 *C. Total RNA was isolated using the 
. RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
poly(A)* RNA was isolated by an oligo(dT) selection step (Oligolex 
. mRNA kit; Oiagen). 

cRNA Preparation- A ol mRNA was used as starting material. 
The .first and second strand cDNA synthesis was performed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's instructions but using an oligo(dT) primer containing a T7 RNA 
polymerase binding sile. Labeled cRNA was prepared using the ME- 
GAscrip© in vitro transcription kit (Ambion). Biotin-labeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Qiagen). 

Array Hybridization and Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 ng of cRNA was 
fragmented at 94 "C for 35 min in Duller containing 40 mu Tris 
acetate, pH 8.1. 100 mM KOAc, 30 mu MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSPE-T hybridization bufler (1 m NaCt, 
10 mM Tris, pH 7.6. 0.005% Triton), was heated to 95 °C lor 5 min. 
subsequently cooled to 40 °C. and loaded onto the Asymetrix' probe 
array cartridge. The probe array was then incubated lor 16 h at 40 'C 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes in 6x SSPE-T at 25 °C followed by 4 washes in 0.5 x SSPE-T 
at 50 'C. The biotinylated cRNA was stained wilh a slreptavidin- 
pbycoerylhrin conjugate, 10 po/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1 — continued 



lor 30 min at 25 "C followed by 1 0 washes in 6.x SSPE-T at 25 "C. The 
probe arrays were scanned at 560 nm using a conlocal laser scanning 
microscope (made lor Alfymetrix by Hewlell-Packard). The readings 
Irom the quantitative scanning were analyzed by Alfymetrix gene 
expression analysis software. 

Microsatellite Analysis— Microsatellite Analysis was performed as 
described previously (14). Microsalelliles were selected by use ol 
www.ncbi.nlm.nih.gov/genemap98, and primer sequences were ob- 
tained Irom the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR "m a volume ol 20 jJ lor 35 
cycles. The ampficons were denatured and eleclrophofesed for 3 h in an 
ABI Prism 377. Data were collected in the Gene Scan program lor 
fragment analysis. Loss ol heterozygosity was defined as less than 33% 
of one allele delected in tumor amplicons compared with blood. 
• Proteomic Analysis— TCCs were minced into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml ol lysis solution. 
Samples were stored at -20 °C until use. The procedure lor 2D gel 
electrophoresis has been described in detail elsewhere (15. 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were identilied by- a combination ol procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
immunoblotling, and comparison wilh the master two-dimensional gel 
image ol human keralinocyte proteins; see biobase.dk/cgi-bin/celis. 

CGH— Hybridization ol differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein- labeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng), and human Cot-1 DNA (20 jig) were 
denatured at 37 °C lor 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 °C lor 2 days. Alter washing, 
the slides were counlerstained with 0.15 ng/ml 4,6-diamidino-2-phe- 
nylindole in an anti-lade solution. A second hybridization was per- 
lormed lor all lumor samples using fluorescein-labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
greenrred fluorescence intensity ratio profiles were calculated using 
lour images of each chromosome (eight chromosomes total) with 
normalization of the green:red fluorescence intensity ratio lor the 
entire metaphase and background correction; Chromosome identifi- 
cation was performed based on 4,6-diamidino-2-phenylindole band- 
ing patterns. Only images showing uniform high intensity lluores- 
cence wilh minimal background staining were analyzed. All 
centromeres, p arms ol acrocentric chromosomes, and heterochro- 
matic regions were excluded Irom the analysis. 

RESULTS 

Comparative Genomic Hybridization— The CGH analysis 
identified a number of chromosomal gains and losses in the 
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Tabie I 

. Correlation between alterations detected by CGH and by expression monitoring 

Top, CGH used as independent variable (H CGH alteration - what expression ratio was found); bottom, altered expression used as 
independent variable fil expression alteration - what CGH deviation was found). 
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two invasive tumors (stage pT1, TCCs 733 and 827), whereas 
. the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and X-, and 7+ ; 9q-, 
and Y-, respectively. Both invasive tumors showed changes. 
(1q22-24 + , 2q14.1-qter-, 3q12-q13.3-, 6q12-q22-, 
9q34+, 11q12-q13+, 17 + , and 20q11.2-q12+) that are typ- 
ical lor their disease stage, as well as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 in TCC 733 (Fig. 1A) and 
20q12 in TCC 827 (Fig. 1B). 

mRNA Expression in Relation to DNA Copy Number— The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it Was possible lo construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are riot known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
. chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Table I. top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, fop). The inabil- 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

. In the second set of calculations we selected expression 
alterations above 2-lold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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FiG. 2. Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration is shown. as a numerical -fold change in ratio between invasive tumors 827 (A) and 733 (♦ ) and their noninvasive 
counterparts 532 and 335. The expression change was taken from the Expression line to the right in Fig. 1, which depicts the resulting 
expression change (or a given chromosomal region. At least halt ol the mRNAs (rom a given region have to be either up- or down-regulated 
to be scored as an expression change. All chromosomal arms in which the CGH ratio plus or minus one standard deviation was outside the 
ratio value of. one were included. 



ation in expression. No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 8i%; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2). For both tumors TCC 733 (p.< 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology (Fig. 2). Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
. much larger extent. 

Microsatellite-based Detection ol Minor Areas of Loss : 
es— In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 , TCC 733 
chromosome 1q32. 2p21, and 7q2Vand q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two microsatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1A). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites (D11S1760, D11S922) 
positioned close to MUC2. IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression ol mRNA observed in TCC 733 at 
chromosomes 3q24, 11p1.1, 12p12.2, 12q21.1, and 16q24 
and in TCC 827 at chromosome .11 pi 5.5, 12p11. 15q11.2, 
and 18q12 was also examined for chromosomal losses using 
microsatellites positioned as close as possible to the gene loci 
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Fig. 3. Microsatellite analysis of loss of heterozygosity. Tumor 
733 showing loss ol heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility anligen (gene 
number 38 in Fig. 1), (b) by D1S2735 close to cathepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close 
to general /3-speclrin (gene number 1 1 on Fig. 1) and of (d) tumor 827 
■ showing loss ol heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial 3-oxoacyl-coenzyme A thiolase (gene number 
1 2 in Fig. 1). The upper curves snow the electropherogram obtained 
from normal DNA Irom leukocytes (W), and the lower curves show the 
electropherogram Irom tumor DNA (7). In all cases one allele is 
partially lost in the tumor amplicon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels— 
2D-PAGE analysis, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all lour tumors 
using fresh biopsy material. 40 well resolved abundant known 
proleins migrating in areas away from the edges ol the pH 
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Fig. 4. . Correlation between protein levels as judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided in 
three groups, unaltered in level or up- or down-regulated horizontal 
axis). The mRNA ratio. as delermined by oiigonucleotide arrays was 
plotted for each gene {vertical axis). A, mRNAs that were scored as 
present in both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent in non-invasive reference {top of figure). Two different 
scalings were used to exclude scaling as a confounder, TCCs 827 
and 532 (AA) were scaled with background suppression, and TCCs 
733 and 335 (•O) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
' between the groups. Proleins shown were as follows: Group A (from 
left), phosphoglucomutase 1 , glutathione transferase class /i number 
4, fatty acid-binding protein homologue,. cytokeratin 15, and cyto- 
keratin 13; B (from left), fatty acid-binding protein homologue, 28-kDa 
heat shock prolein, cytokeratin 1 3, and calcyclin; C (from left), o-eno- 
lase. hnRNP B1, 28-kDa heat shock prolein, 14-3-3-*. and 
pre-mRNA splicing factor; D, niesolhelial keratin K7 (type II); £ (Irom 
fop), glutathione S-translerase-Ti and mesothelial keratin K7 (type II); 
F (from (op arid left), adenylyl cyclase-associated protein, E-cadherin, 
keratin 19, calgizzarin, phosphoglycerate mutase, annexin IV, cy- 
toskeletal -y-aclih, hnRNP A1 , integral membrane protein calnexin 
(1P90), hnRNP H. brain-type clathrin light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprolein A/B, 
translationally controlled tumor protein, liver glyceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na.K- 
ATPase B-1 subunit; G, (from fop and left), TCP20, calgizzarin, 70- 
kDa heat shock protein, calnexin, hnRNP H, cylokeralin 15, ATP 
synthase, keratin 19, Iriosephosphate isomerase, hnRNP F, liver glyc- 
eraldehyde-3-phosphalase dehydrogenase, glutathione S-transfer- 
ase-n, and keratin 8; H (from left), plasma gelsolin, autoantigen cal- 
reticulin, thioredoxin, and NAD+rdependent 15 hydroxyprostaglandin 
dehydrogenase; / (from fop), prolyl 4-hydroxylase 0-subunil, cyto- 
keratin 20, cytokeratin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K, annexin IV; L (Irom top and lett), 90-kDa heat 
shock protein, prolyl 4-hydroxylase 0-subunit, o-enolase, GRP 78, 
cyclophilin, and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination ol methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Fig. 
4): Only one gene showed disagreement between transcript 
alteration and protein alteration. Except (or a group ol cyto- 
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Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper part ol Ihe figure shows a 2D gel 
(/eft) and the oligonucleotide array {right) of TCC 532. The red rectan- 
gles on the upper gel highlight the areas that are compared below. 
Identical areas ol 2D gels ol TCCs 532 and 827 are shown below.' 
Clearly, cytokeratins 13 and 15 are strongly down-regulated in TCC 
827. (red annotation). The tile on the array containing probes (or 
cylokeratin 15 is enlarged below Ihe array (red arrow) from TCC 532 
and is compared wilh TCC 827. The upper row ol squares in each tile 
corresponds to perfect match probes; Ihe lower row corresponds lo 
mismatch probes containing a mutalion (used lor correction lor urv 
specific binding). Absence ol signal is depicled as- black, and Ihe 
higher Ihe signal the lighter the color. A high transcript level was 
delected in TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence ol signals). For cylokeratin 13, a high 
transcript level was also present in TCC 532 (15659 unils), and a 
much lower level was present in TCC 827 (623 unils). The 2D gels at 
Ihe tooflom ol the figure (/eft) show levels ol PA-FABP and adipocyle- 
FA8P in TCCs 335 and 733 (invasive), respectively. Both proteins are 
down-regulated in Ihe invasive tumor. To Ihe right wo show the array 
tiles lor the PA-FABP transcript. A medium transcript level was de- 
lected in the case ol TCC 335 (1277 unils) whereas very low levels 
were detected in TCC 733 (1 66 unils). IEF. isoelectric focusing. 



keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know chromosomal 
location were detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but lost in the invasive 
counterpart (TCC 733;. see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

1 1 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein level (Table II). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexins II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence, as to the effect of these gains 
and losses on gene, expression in two pairs of non-invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number- effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, how- 



Table II 



Proteins whose expression level correlates with both mRNA and gene dose changes 


Protein 


Chromosomal location 


Tumor TCC 


CGH alteration 


Transcript alteration* 


Protein alteration 


Annexin II 


1q21 


733 


Gain 


Abs lo Pres* 


, Increase 


Annexih IV 


2p13 


733 


Gain 


3.9-Fold up 


Increase 


Cylokeratin 17 


17q12-q21 


827 


Gain 


3.8-Fold up 


Increase 


Cylokeratin 20 


17q21.1 


827 


Gain 


5.6-Fold up 


' Increase 


(PA-)FABP 


8q21.2 


827 


Loss 


10-Fold down 


Decrease 


FBP1 


. 9q22 


827 


Gain 


2.3-Fold up 


Increase 


Plasma gelsolin 


9q31 


827 


Gain 


Abs lo Pres 


Increase 


Heal shock prplein 28 


15q12-q13 


827 


Loss 


2.5-Fold up 


Decrease 


Proh.ibilin 


I7q21 


. 827/733 


Gain 


3.7-/2.5-Fold up". 


Increase 


Prolyl-4-hydroxyl 


17q25 


827/733 


Gain 


5.7-/1.6-Fold up 


Increase 


hnRNPBI . 


7p15 


827 


Loss 


2.5-Fold down 


Decrease 



* Abs, absent; Pres, present. 

D In cases where Ihe corresponding alterations were lound in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated wilh de novo occurrence or complete loss of tran- 
script, respectively. Some of these. transcripts could not be 
detected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors [e.g. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material in this area. 

Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation in tumor cells (17-19). Thus, it may be possible 
that in chromosomes with increased DNA copy numbers two 
• or more alleles could be.demethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
off the process (20, 21). A recent report has documented a 
ploidy regulation of gene expression in yeast, but in this case all 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer pells,' which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p-.9q-, 1q+, Y- 
(2,6), and inpTI tumors, 2q-,11p-, 11q~, 1q+, 5p+. 8q+. 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y- , respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1q22-24 
amplification (seen in both tumors), 1 1q14 T q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers'. Analysis of these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertrarislated mRNA pools, which are associated with few 
translationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25), and a moderate correla- 
tion was recently reported by Ideker ef a/. (26) in yeast. 

Interestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change in 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severaltold increase in gene copy number resulting in a much 
higher impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Conslruction of arrays with a better signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger-number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentification and/or mass spectrometry to 
correctly identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the luture by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
tion derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived.from genes with 
known locations, and 2D gel analysis. to obtain information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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Expression of bcr-abl mRNA in individual chronic myelogenous leukaemia 
cells as determined by m situ amplification. 

Pachmaim K , Zhao S , Sclicnk T . Kantarjian H , Bl-Naggar AK . Siciliano MJ, Quo 
JQ, ArUngliaus RB . Andreeff M . 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular: 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level. Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abl transcript levels in 
individual cells from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-labelled probe to the cell-bound RT-PCR product, bcr-abl 
mRNA-positive cells were determined using image analysis. A dilution series of bcr-abl- 
positive BV173 into normal cells showed a good correlation between expected and actual 
values. h\ 25 CML samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation with cytogenetic results (r = 0.94, P < 0:0001), interphase 
fluorescence in situ hybridization (FISH) (r = 0.95, P = 0.001) and hypermetaphase FISH 
(r=.0.81, P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P = 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values correlated with bcr-abl protein levels, as determined by 
Western blot analysis (r = 0.62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results. Thus, fluorescence in situ PCR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
. in CML. 
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Correlative iiuiiiuiiobistocheniical and reverse transcriptase polymerase 
chain reaction analysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Papotti M , Croce S , Maori L , Fiinaro A. Pccchioni C , Scliindlcr M , Oussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
tumors and bind somatostatin analogues, such as octreotide, with high affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisst2 polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue and paraffin sections were 
available, ft was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (ISH), and immunohistochemistry. A series of 20 nonneuroendocrine lung 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A weakly positive signal was observed in 5 of 20 control samples. In 
immunolustochemistry, two different antibodies (anti-sst2) were employed, including a 
monoclonal antibody, generated in' the Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostaining 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other techniques. A low sst2 expression was associated with high grade 
neuroendocrine tumors and with aggressive behavior. It is concluded that 1 ) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and tire degree of differentiation; 2) immunohistochemistry and ISH are 
• reliable tools to demonstrate sst2 in these tumors; and 3) ssl2 identification in tissue 
sections may provide information on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients with neuroendocrine tumors. 
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: .7 Correlative Immunohistochemical and Reverse 

0 . . Transcriptase Polymerase Chain Reaction Analysis of 

Somatostatin Receptor Type 2 in Neuroendocrine 
; $ v: Tumors of the Lung 



• Aola Funaro, Ph.D:, Carla Pecchioni, Marcus Schindler, M.D., arid 
7" Gianni Bussolati, m.d., F.R.c.Patb. 
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Somatostatin receptors type 2 (sst2) have been frequently de- 
' tected in neuroendocrine tumors and biDd somatostatin ana- . 
- logues, such as octreotide, with high affinity. Receptor autora- 
' diography. specific mRNA detection and. more recendy, anti-. 
' sst2 polyclonal antibodies arc currendy. employed to reveal 
"■' sst2r The aim of the present study was to investigate by three 
■ : different techniques the presence of ssl2 in a series of 26 neu- 
• roendocririe rumors of the lung in which fresh frozen tissue aDd 
paraffin sections were available. It was possible, therefore, to 
compare, in individual cases. RNA analysis studied by reverse 
transcriptase polymerase chain reaction (RT-PCR), in situ hy- 
' bridization (JSH). and irnrnunohistochernistry. A series of 20 
DOrmeurbendocrine lung carcinoma samples served as controls. 
• RT-PCR was positive for sst2 in 22 of 26 samples, including 15 
of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 
small-cell carcinomas. Tbe sst2.mRNA signal obtained by RT- 
PCR was strong in the majority (87%) of typical carcinoids and 
of variable intensity in atypical carcinoids and small-cell car- 
cinomas. A weakly positive signal was observed in 5 of 20 
control samples. Jn irnmunohisiochenristry, two different anti- 
bodies (anti-sst2) were employed, including a monoclonal an- 
tibody, generated in the Department of Pathology, University 
of TuriD. Jn the majority of samples a good correlation between 
sst2 mRNA (as delected by RT-PCR) and ssl2 protein expres- 
. sion (as detected by immunohisiochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma 
had focal irnmunostairiing but no RT-PCR signal. 1SH per- 
formed in selected samples paralleled ihe results obtained with 
■he othci techniques. A low sst2 expression was associated with 



From the Department of Biomedical Sciences aod Oncology (M.P.. 
S C., L.M., A.F., CP., GJB.). University of Twin. Italy; and Glaao 
Insiiruie of Applied Pharmacology (M.S.), University of Carnb/idje, 
Uuiicd Kingdom. 

Supposed by grams from tbe Rejione Piemooie (jrani no. 165 of 
Research Piojcci DGR 34-23220) and Ministry of University fRome), 
iialy. 

AT. is the recipient of a Research Conrraci by tbe Universiiy of 
Turin. 

Address correspondence arid reprint requests ro Prof. M. Papotrj, 
L*cpannieni of Pathology, Uuiversiiy of Turin, Via Saniena 7, I- JO/26 
- r orino. 



high grade neuroendociine tumors and with aggressive bchav- 
. ior. It is concluded that 1) neuroendocrine rumors of the lung 
express sst2, and there is a correlation between the mRNA 
amouDt and the degree of differentiation; 2) imrouoohrstocbem- 
istry and JSH are reliable tools to demonstrate" sst2 in these 
tumors; and 3) ssi2 identification in tissue sections may provide 
information on the diagnostic or therapeutic usefulness of so- 
matostatin analogues in individual patients with neuroendo-; 
crine tumors. 

Key Words: Neuroendocrine — Lurjg — Tumors — Somato- 
statin receptors — bnmunohistochemistry— Small cell carci- 
noma — Reverse transcriptase polymerase chain-reaction. 

Diagn Mol Pathol 9(1): 47-57, 2000. 



The somatostatin receptor family '(sst) includes at least 
five isoforms that have been recently identified and char- 
acterized (18,32,4)). The ssts are widely distributed jn 
normal human tissues and in human tumors. Sst type 2 is 
more commonly detected in neuroendocrine rumors 
(32,37) and binds die somatostatin analogue octreotide 
with high affinity. 

Sst localization had originally been demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25,31). Subsequently, specific sst messen- 
ger KNA (mRNA) detection was obtained by means of in • 
situ hybridization ()SH) and reverse transcriptase poly- 
merase chaiD reaction (RT-PCR) (14,32,37). Recently; 
polyclonal antibodies specific for different isoforms of 
sst wene produced and used in jjiuiiunohisiochernisD-y 
(10, 12,1 5, 18,30,35,36). Given the well-known heteroge- 
neity, of neoplastic populations, in situ methods (iixunu- 
nohistocbemistry and'ISH) allow a more definite map- 
ping of the distribution of the receptoi in such tissues. 
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This is potentially useful for predicting the responsive- 
ness of a given neoplastic cell population to medical 
treatment with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine tumors. 

The spectrum of neuroendocrine tumors of the lung 
includes well-differentiated neoplasms (so-called typical 
. carcinoids) and poorly differentiated small-cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
. (so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Finally, large-cell nenroendo- 
— Grine-eaieinoma-bas-been-identified and- ineludediB-this— 
tumor group (4,40). The tissue distribution of sst2 in 
neuroendocrine tumors of the lung has not been thor- 
oughly characterized, although individual samples of 
: bronchial carcinoids were found to express sst (30X 
SCCs (but riot' non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over, sst2 has been detected in in vitro cell cultures of 
human SSC of the lung (39,42). No study on a series of 
neuroendocrine tumors of the lung-including all neuro- 
endocrine lung tumor types has been reported to date. 

The aim of this study was therefore to investigate the 
presence of sst2 mRNA add protein in a series of 26 
neuroendocrine tumors of the Jung, employing different 
technical approaches, such as RT-PCR, JSH, and immii- 
nohistocbemisuy. To this purpose a monoclonal anti- 
body to sst2 (N-lerminal) was generated in the Depart- 
ment of Pathology, University of Turin. The results were 
then compared and related to the rumor grade and to 
other clinicopathologic parameters. 

MATERIALS AND METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine tumors of the 
lung, in which fresh frozen tissue was available, were 
retrieved from the surgical pathology file of the Univer- 
sity of Turin, Italy. All sample's were reviewed applying 
currendy accepted criteria of classification (4,40), and 
the neuroendocrine nature was confirmed by positive im- 
munostaining for chromogranin A (CgA) (with or with- 
out antigen retrieval) or synapiophysin, and by positive 
RT-PCR for CgA mRNA. According to the classi- 
fications described here, these included 15 well- 
differentiated neuroendocrine tumors (typical carci- 
noids), 6 well-differentiated neuroendocrine carcinomas 
(atypical carcinoids), and 5 SCCs. 

A series of 20 non- small-cell lung carcinomas (10 
squamous, 9 adenocarcinomas, and ] large-cell anaplas- 
tic) lacking neuroendocrine differentiation, as demonstrated 
by negative immunohistochemistry and RT-PCR for CgA 
(1), served as a conool group. Clinicopathologic data and 
follow-up information were obtained for all patients. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate-cesium chloride method 
(5). The concentration of RNA. was estimated by spec- 
trophotometry, and RNA degradation was assessed by 
agarose gel electrophoresis, as previously reported <37). 

Reverse Transcriptase Polymerase Chain Reacb'ofl 
for sst2 and Chroroogranin A 

Total RNA (2 p-g) was first digested, with 10 units of 
RNase-free DNase (Boehringer, Mannheim, Germany) 
in a 10-pi solution containing 20 mmol/L MgCl 2 , to 
. avoid DNA contamination. The solution was kept at 
room temperamre 'fo^O'minutesrtben heated for 5 min- 
utes at 70°C to inactivate the DNase molecules; 40 
pmol/L' of oligodeoxylhymidine primers (oligQ-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting solution was reverse tran- 
scribed using 100 units of reverse transcriptase (Gibco 
BRL, Gaitersburg, MD). Complementary DNA (cDNA) 
was generated in a 50-p.L final reaction volume contain- 
ing 50 mmol/L Tris-HCl pH 8.3, 75 mmol/L KCL, 3 
mmol/L MgCl 2 , 10 mmol/L dithiothreitol, 1 ntmol/L de- 
oxynucleotide triphosphates (dNTPs), and 20 units of 
RNasin (Proroega, Madison, WT). The . solution was 
heated at 37°C for 90 minutes. Finally, the enzymes, were 
inactivated by hearing to 70°C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PCR reaction having the p 2 - 
microglobulin "housekeeping gene" as a target. PCR was 
carried out in a 10-pJL final reaction volume containing 
1 pi of cDNA template, 10 pmol of sense and antisense 
oligonucleotide primers, 67 mmol/L Tris-HCl pH 8.8, 16 
mmol/L (NHJ2S0 4 , 0.03 % polysorbate 20, 2 mmol/L 
dNTPs, 1 mmol/L MgCl 2 , and 0.5 units of Taq polymer^ 
ase. p 2 -Microglobulin, sst2, and CgA PCR reactions were 
performed using the same protocol at the foDowing PCR 
conditions: 35 cycles, each cycle consisting of denaruraiion 
at 94°C for 2 minutes, annealing at 55°C for 1 minute for 
p 2 -mi.croglobuhn, at 61°C for sst2, and at 68°C for CgA; 
extension was performed at 72°Cfor 1 minute. The primers 
used for RT-PCR (9,1 1 ,2337) are reported in Table 1 . 

The amplified fragments were run in a 1% agarose gel, 
containing .ethidium bromide. Strict precautions against 
coniamination were undertaken (19) and negative con- 
sols (a no- template control and a no4~everse transcriptase 
control and distilled water to replace the RNA) were in- 
cluded. The RNA extracted horn an H716 neiucendocrine 
colon carcinoma cell line, and from a neuroblastoma (37) 
served as positive controls for CgA and sst2, respectively. 

Antibodies 

Two different antibodies specific for sst2 were em- 
ployed. The first one was a monoclonal antibody raised 
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SOMATOSTATIN RECEPTOR TYPE 2 IN NEUROENDOCRINE LUNG TUMORS. 
TABLE 1. Sequences ot primers used for reverse transcriptase polymerase chain reaction 
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Size of PCB 
' product (bp) 



Position 



Study 



11 B,-microglobolin sense: 5' ACC CCC ACT GAA AAA GAT GA 3 
J Krotfobulin amisense: 5" ATC TTC AAA CCT CCA TGA TG. 3' 
t[ SSTR2 sense: 5' CAG TCA TGA GCA TCG ACC 6A 3' 
• 41 SSTR2 ontisense: 5' GCA AAG ACA GAT GAT GGT GA 3 

5 CgA sense: 5' GCT CCA AGA CCT CGC TCT CC 3' 

6 C^A antisense: 5' GAC CGA CTC TCG CCT TTC CG 3' 



,• PCft polymerase chain reaction. 



120 
284 
583 



2B6-305 
389-403 
402-421 
665-684 
316-335 
B78-fi07 



Gussow et aL (B) 
Sestinl el al. (37) 
Helmanela). (11) 



• in . the Department of Pathology (University of Turin) 
■ specific for an N-terminal se qpence_of ;i*e_jsj^sbaned__ 
''■ by both A and B receptor isofonns). The bctapeptide 
'■ EpyYDLTS, corresponding to amino acids 35 to 42 of 
'. the human receptor (and differing by one amino acid 
from the mouse sequence), was synthesized, having a 
' lysin added to me N-terminal. This sequence was similar 
. '.to -that used by other groups to produce polyclonal anti- 
'• bodies (17,18,27). This sequence was rather sbort but 
. made it possible to avoid. extensive homology with sstl. 

In addition, according to a genbank search using FASTA 
',' (28), this protein sequence is unique to human sst2 aod 
'has a partial homology only with rat and human nuclear 
receptor retinoid orphan nuclear- receptor-beta (a protein 
having nuclear localization). Three Balb/c mice were im- 
; njunized with the peptide conjugated to keyhole limpets 
... hemocyanin (KLH) (Sigma, St. Louis, MO) following 
the sumdard procedure. After the first intrasplenic injec- 
tion (100 p.g of protein) at time 0, the mice were intra- 
peritoneally injected six times with the peptide-KLH 
conjugate (150 u.g) in the presence of Freund adjuvant 
The reactivity of the sera from each arjimal was evalu- 
ated using an enzyme-linked immunosorbent assay, us- 
■' ing the peptide coated onto the plastic. The bybridomas 
. were produced by somatic fusion of immunized spleno- 
cytes with the mouse myeloma cell line Ag8.X 63.653; 
L ..fo)lowjng the standard .technique (21). The monoclonal 
antibodies of interest were selected on the basis of the 
reactivity with' the target peptide and with appropriate 
tissue sections: The latter included formalin-fixed and 
paraffin-embedded sections of pituitary. gland and pan- 
creatic islets and were analyzed by means of irnmuno- 
peroxidase staining. Parallel control experiments weTe 
also performed by staining serial sections of these tis- 
sues, cmirtirjg ibc primary antibody or with the preim- 
raune serum or widi the antibody preadsorbed with high 
concentrations (1 mg/mL) of the antigenic peptide. In 
addition, the selected monoclonal antibodies (coded 
10C6and l0G4),.both of IgM isorype, were further char- 
acterized by Western blotting. Membranes were prepared 
from stable transfecied Chinese hamster ovary (CHO)- 
K) cells, individually expressing recombinant human so- 
matostatin receplors (sstl to sst5). Western blotting was 
performed as previously described (36). The monoclonal 



antibody was used as culture supernatant at 1:3 dilution 
for 2hours at room t emperature..in Tris-buffered saline 
(TBS), supplemented with 6.1% polysorbate 20. Blots 
were washed in TTBS and incubated with peroxid.ase- 
conjugated goat antimouse IgM, diluted 1:1.500 for 90 
minutes at room temperature. Then, blots were washed in 
TTBS and immunocomplexes were visualized using 
ECL following manufacturer's instructions (Amersham, 
Bucks, UK). 

A second polyclonal antibody was produced that bad 
been characterized previously (35,36). This antibody 
(coded K230) was raised in sheep and was specific for a 
sequence of the C-lerminal portion of the sst2A (KSRL- 
OTTTETQRTIJLNEDLQ, amino acids 347 to 366). 

. Tjnmunobistocuemistry 
. Sections 4 or 5 u, thick, adjacent to those used for 
conventional histopathologic examination and immtino- 
slaihing for neuroendocrine markers, were collected onto 
poly-L-lysine-coated slides. The proliferative activity of 
the tumors was assessed by means of Ki67 irhmunosta- 
nim'ng (clone MTB1, lmmunotecb, Marseille, France), 
diluted 1:10 after microwave-based antigen retrieval in 
citrate buffer). The ascitic fluid of monoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections with prior antigen retrieval (three 3-minute pas- 
sages in a. microwave oven at 800 W in citrate buffer pH 
6.0), at the dilution of 1:10,000 or l:12,000for 30 min- 
utes at room temperature. The antiserum coded K230- 
was applied overnight al a dilution of 1 :300 with do prior 
antigen retrieval. The immune reactions were then re- 
vealed wjtb the immunoperoxidase technique (13) using 
the streptavidin-peroxidase kit and diaminobenzidine as 
chroroogen. A weak nuclear counteistain or no counter- 
slain was used in parallel sections. Control stainings for 
both antibodies included irnmunopei oxidase of serial 
sections using preirmnune serum or antibody pread- 
sorbed with the antigen or buffer instead of the primary 
antibody. 

In Siru Hybridization 

Selected rumors (12 samples) were also analyzed iof 
sst2 rnRNA expression by means of a nonradioactive, 
ryramide deposition-based 1SH technique. The proce- 
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dure of amplification was modified from procedures re- 
ported by Kerstens et al (16), Speel et al. (38), and the 
GenPoiDt (bionnyl-tynarnide) manufacturer (Dako, Glos- 
trap, Denmark). Briefly, 5-pjn-thick paraffin sections 
were collected onto silane-coated slides- and deparaf- 
finized through xylene and graded alcohols to phosphate 
buffer saline (PBS). The slides were then incubated for 5 
minutes in a microwave oven at 800 W in citrate buffer 
pH 6.0. After washing in PBS, they were digested with 
proteinase K-(l u.g/mL) for 10 minutes at 23°C. Endog- 
enous peroxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous biotih was blocked using 
"Trodnr-bloctdiig-rea^cnt-for— 15 minutes -foHe wed-by- 
washing in PBS and biotin-bjocking reagent for 15 min- 
utes (3). Sections were then prehybridized for 1 hour at 
room temperature in a mixture composed of 4x SSG, • 
50% forroamide, Denbardt's 1 x, dextrane sulfate 5x, 500 
Hg/mL salmon sperm DNA, and 250 u.g/mL tRNA. Hy- 
bridization took place overnight at 42°C in a solution 
containing (he specific probe at a concentration of 1 
pmol/mL. The probe was a digoxigenin-labeled 18-base 
oligonucleotide (32), complementary to positions 91 to 
139 of the human ssl2 gene (41). After hybridization,, 
excess hybridization buffer and coverslips were removed 
by a rapid wash in 4x SSC followed by stringent washing 
in O.lx SSC for 10 minutes at 42°C. The hybrids were 
revealed by tbe following incubation steps: perqxidase- 
labeled antidigoxigenin (diluted ]:]00 in PBS) for 30 
minutes al room temperature, biotinylaled tyramide (di- 
luted 1:5 in PBS) for 15 minutes at room temperature, 
and peroxidase-Jabeled srreptavidin for 15 minutes at 
room temperature. Diaminobenzidine was used as chro- 
mogen. Controls for 1SH included staining of serial sec- 
tions wiih sense probe, an unrelated probe (EBER-Tof 
the Epsiein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experimental con- 
ditions identical to the procedure described here. 



RESULTS 

Reverse Transcriptase Polymerase Chain Reaction 

All neuroendocrine rumors, but no nonneuroendocrine 
lung carcinomas, were positive for CgA mRNA (Rg- 1 ). 
Sst2 "mRNA was amplified in 22 of 26 samples of neu- 
roendocrine tumor. The signals had variable intensities 
(Rg. 2) and were weak in moderately or poorly differ- 
entiated rumors (mostly in SCCs). No amplification was 
obtained in no-template or no-reverse transcriptase ex- 
periments. Control samples (nonneuroendocrine lung 
carcinomas proven by negative CgA RT-PCR) were 
weakiy positive for sst2 in 5 of 20 samples only. (includ- 
ing 3 adenocarcinomas, 1 squamous, and the large-cell 
anaplastic carcinoma) (Fig. 3). These differences were 
statistically significant (P < 0.01) by X 2 test 

Characterization of Monoclonal Antibodies to sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked immunosorbent assay and a par- 
allel iromunoreactivity' on formalin-fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
creatic islets). In Western blotting experiments, two 
clones (coded 10C6 and 10G4) specifically developed a 
band at approximately 70 YD. When the antibodies were 
used against CHO-lransfecied cells expressing recombi- 
nant somatostatin receptors 1 through 5, a specific band 
corresponding to sst2 (al approximately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
antibody 10C6 developed a strong band with ssl2 but 
displayed a weaker reactivity also with sstl, 3, and 5, al 
least in the present experimental conditions (Fig. 4 A,B). 
The same antibodies were also tested by means of im- 
iimnoperoxidase staining, on formalin-fixed, paraffin- 
embedded samples of normal human pituitary gland and 
pancreas. Monoclonal antibody }QG4 gave good results 
in immunohistochemistry and was used at increasing di- 



583 bp 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 C C* M 
. FIG. 1. Reverse transcriptase polymerase chain reaction lor chromograniri A (CGA) mRNA 
in 26 samples ol neuroendocrine tumor ol the lung. Numbers in each lane correspond to 
sample numbers in Table 2. CGA mRNA is amplified at 429 bp. C and C* stand tor positive 
(neuroendocrine colon carcinoma cell line, H716) and negative (distilled water) controls, 
respectively. The last column to the right represents the molecular weight marker. All samples 
are positive with a variable intensity ot the amplification band.. 
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 C C* M 
FIG. 2. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
"neuroendocrine tumor of the lung. Numbers in each lane correspond to sample numbers in 
Table 2. ssl2 mRNA is amplified at 284 bp. C and C* stand for positive, (a neuroblastoma) • 
and negative (distilled water) controls, respectively. The last column to the right represents 
. the molecular weight marker. Twenty-two of 26 samples are positive with a variable Intensity 
of the amplification band. 



lurions (up to 1:15,000) with specific staining. Using thin 
sections (approximately 4 pjn), a strong membrane- 
bound and peripheral cytoplasmic immunoreactivity was 
found in an adenohypophysea) cell population (corre- 
sponding to growth hormone-secreting cells, as con- 
firmed by double immunohistochemical analyses) and in 
pancreatic islets (Fig. 4 CJD). In the latter, the staining 
was apparently not restricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductal) were only occasionally jmmuno : 
stained. lmmunohisiochemisD7 performed on serial con- 
trol sections, either omitting the primary antibody or us- 
ing the preimmune serum or antibodies preabsorbed with 
the synthetic peptide, was negative in both tissues. 
Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 

lmrounobistochemistry - 

The antibodies to sst2 (monoclonal antibody 10G4 and 
polyclonal K230) gave slightly different irnrnunoreac- 
lions in 25 samples, and staining was not done in J 
sample because of lack of residual paraffin blocks. The 
monoclonal antibody 1 0G4 stained 21 of 25 samples, the 



negative samples being 1 atypical carcinoid and 3 SCCs 
(Fig. 5). The tumors had 5% to 25% of the neoplastic 
cells immunoreactive. The', staining was at the periphery 
of the cytoplasm, and omitting the counterstain its mem- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid <no. 
21) was focally immun ore active for sst2, despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
immunohistochemistry negative and RT-PCR positive. 
The antiserum anu'-sst2A (codeK230) gave positive sig- 
nal in 1 9 of 25 samples, in 5% to 60% of the neoplastic 
cell population (Frg. 7). The location of the staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same partem was seen in positive 
controls, e.g., pancreatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two other tumors (nos. 21 and 
•22), apparently devoid of sst2 mRNA, showed a small 
percentage of immunoreactive cells. Incidentally, one of 
diese latter samples (no. 21) was also immunoreactive 
with monoclonal antibody 10G4 (Table 2). 

The five control samples positive "by RT-PCR were 
also reactive with the antibodies. The type of immuno- 
cytochemical location of sst2 receptors was similar to 
that described here, being a peripheral cytoplasmic stain- 




M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 C C* M 
FIG. 3. Reverse Iranscriptase polymerase chain reaction for sst2 rnRNA in 20 control 
samples of nonneuroendocrine lung carcinoma. Five ol 20 samples show a weak band al 
284 bp corresponding to sst2 mRNA. Control" columns |C and C") are identical to those in 
Fig. 2. 
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FIG. 4. Western bio! analysis of monoclonal antibody 
clones 10G4 and 10C6 against sst2 in Chinese hamster 
ovary cells transferred with recombinant sst 1 through 5 
(numbers of each column "correspond to receptor type). 
Monoclonal antibody 1064 shows a specific band at ap- 
proximately 70 kD tor sst2 only (A) as opposed to mono- 
clonal antibody 10C6, which strongly reacts with sst2 but 
also has some degrees of cross-reactivity with sst 1. 3, 
and 5 (B). The lower figures show control formalin-fixed 
paratlin-embedded pancreatic islets immunostained with 
monoclonal antibody 10G4 without (C) and with (D) 
preadsorplion with the peptide antigen, respectively. The' 
majority of endocrine cells show a membrane-bound im- 
muhoreactivity (C) (immunoperoxidase). Bar: 90 pm. 



mg present in 40% to 70% of neoplastic cells. A weak 
and focal staining was also observed in five of the re- 
maining RT-PCR-negau've samples, when the antibody 
K230 was used (but not when the monoclonal was em- 
ployed). 

Several cells in peritumoral tissues were occasionally 
stained. Ciliated cells of bronchial mucosa had a periph- 
eral staining at the cilia border. Mucous glands were 
negative. Rare chondrocytes had a membrane staining. 
The wall of peritumoial as well as of occasional distant 
vessels was stained at the endothelium level and in oc- 
casional smooth muscle cells. 

. The reactivity 'of both antibodies was abolished in se- 
rial sections when the reagents were preabsorbed with 
the respective synihctic peptides, but not when an unre- 
lated peptide was used. The peritumoral bronchial mu- 
cosa had a focal staining of ciliated cells with both an- 
tibodies. This icaciiviiy disappeared when die preab- 
sorbed amibody was applied. 



In Situ Hybridization 

Eight of 12 samples stained by 1SH were positive for 
sst2 mRNA. Tbe'mRNA was present in a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Fig. 8), despite the amplification provided by the tyra- 
mide-based procedure. The background level was mini-, 
ma] using diluted biotinylaled ryramide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ting the probe, were consistently negative. 



Clinical Data 



Clinicopathologic data are summarized in Table 2. At 
follow-up, the majority of patients with typical carci- 
noids are free from disease 1 to 11 years after surgery. 
Two patients are alive with stable metastatic disease. 
Patients affected by atypical carcinoids had disease pro- 
gression in one third of samples. Finally, patients with SCC 
had fatal outcomes" within 1 year from diagnosis (except the 
recent sample). Eight patients had preoperative octreotide 
scintigraphy performed at the rime of diagnosis. All patients 
had positive octreoscan findings, "and, in these patients, 
also the tumor was positive by RT-PCR and immu- 




FIG. 5. sample no. 25 (small cell carcinoma). Absence of 
immunoreactivity for sst2 with the monoclonal 10G4. This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization. (Immuno- 
peroxidase in a formalin-lixed paratlin-embedded sample. 
Nuclei slightly counterstained with hemalum.) Bar: 45 pm. 
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nohistochenustry or ISH. Id addition, three of these pa- 
tients received octreotide therapy administered at the 
ome of rumOT recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

"Correlations 

Overall, complete overlapping (i.e., RT-PCR, ISH, 
and immunobistoehemistry with two antibodies) be- 

• rween sst2 gene and protein expression was obtained in 
21 of 25 samples (84%) and between RT-PCR results 

^andjjnnnmoWsiocbemicalJji^ 
the antibodies Sd 24 of 25 samples (96%). The monoclo- 
nal antibody 10G4 looked highly sensitive, being able to 

. stain all but one sample (no. 26) (95%) positive for sst2 

'. .mRNA by RT-PCR. Sst2 expression, at mRNA as well 
as at protein levels, was reduced ip high grade tumors, 

: with SCCs being weakly positive in only two of five 
samples. Decreasing expression of sst2 appears to cor- 




FIG. 6. sample no. 1 6 (typical carcinoid). Immunohisto- 
chemical detection ol sst2 by means ol monoclonal anti- 
body 10G4. The neoplastic cells have a peripheral cyto- 
plasmic staining and membrane posilivily in some .cells, 
whereas the peribronchial gland adjacent to the tumor is 
unreaclive. (Immunoperoxidase in a loimalin-lixed paral- 
iin-embedded sample. Nuclei slightly counlerslained with 
hemalum.) Bar: 45 pm. The membrane- bound distribution 
ol the immunostaining is better outlined in a parallel sec- 
tion stained lot monoclonal antibody 10G4 omitting' 
nuclear counterstain (inset). 




FIG. 7. Same sample as in Fig. 6. Immunohistocbemical 
detection of sst2 by means of the polyclonal antibody 
K230. The immunostaining is more intense at the cell bor- 
der (arrows), as observed with the monoclonal antibody. 
In Ihe inset, a pancreatic islet, used as positive, control, 
shws a predominant membrane-bound immunostaining ol 
many neuroendocrine cells. (Immunoperoxidase in a for- 
malin-fixed parallin-embedded sample. Nuclei slightly 
counterstained with hemalum.) Bar 45 pm. 

relate with high tumor grade and elevated proliferative 
activity, but Dot with other parameters such sex, age, or 
tumor size. 

DISCUSSION 

In this study, the presence of sst2 mRNA has been 
demonstrated in a series of resected neuroendocrine ru- 
mors of the lung by.means of RT-PCR and confirmed by 
a sensitive nonradioactive lyramide-based ISH procedure 
and by immunohistochernistry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were sst2 
positive, aldioueh a reduced, or, absent signal was ob- 
served in poorly differentiated (smallrcell) carcinomas. 
This is the first study of sst2 expression in a relatively 
larje series of neuroendocrine tumors of the lung. Single 
samples of human carcinoids and SCCs (including cell 
lines of the latter) had previously been analyzed and 
found to express ssi2 (7.1 5;30.32,33,39.42). Several 
mediods have been used to detect these receptors and 
partially overlapping results— were obtained. 

In the present study, the expression of high amounts of 
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TABLE 2. Clinicopathologic data and somatostatin receptor type 2 (sst2) expression in 26 cases of neuroendocrine 

■ ■ lung tumors 



Patient 






Size 


Follow-up 


CgA 


CgA 


SYP 


Ki67 


sst2 


sst2IHC 


ssCIHC 


no. 


Diagnosis 


Sex/age 


(cm) 


(mo) 


IHC 


RT-PCR 


IHC 


IHC' 


RT-PCR 


Mab(1064) 


(K230 Ab) 


1 


WD NET 


F/35 


3.5 


NED 90 


+ 


+++ 


+ F 


1.5 


.. ++ + 


4 


+ 


2 . 


WD NET 


F/29 


4 ■ 


NED 45 


+ 


+4 


4 F 


3 


44 


+ 


4 


3 


WD NET 


F/41 


2.5 


NED 70 


+ 


44 


4- 


0.1 


4+4 


4 


+ F 


4 


WDNETt 


F25 


4 


NED 21 


+ 


++ 


4- 


2.6 


44-f' 


+ F 


+ F 


5 


WD NETt 


M/58 


3.8 


NED 23 


4 


++4 


4 


13 


4+4 


4F 


4 


6 


WD NET 


M/52 


2.5 


NED 42 


4 


44 


+ 


■ 4.5 


444 


4 F . 


+ F 


7 


WD NET 


F/69 


3.5 


NED 47 


+ 


44 


+ 


1 


4 


"4 


4 


B 


WD NET 


M/29 


3 


NED 70 


4 


444 


4. 


1.5 


4+4 


'4 


+ 


•9 . 


WD NET 


M/27 


4 


NED 108 


+ 


+44 


+ 


NT 


+++ 


4 


4 


10 


WD NE Cat 


Mm 


•8 


AWD55 




+4 


4 F 


1.1 


4-4 


+ F . 


4 


11 


WD NET! 


F/29 


2 


AWD56 


+ 


+44 


4 


2.5 


44+ 


4 


4 


12 


WD NET* 


F/32 


3 


NED.26 


4 


44 


+ 


4 " 


444 


4 


4 


13 


WD NE Ca 


M/60 


3 


NED 133 


+ 


444 


4 


1 


4++ 


NT 


NT 


14 


WD NET 


M/28 


4 


NED 130 


+ 


+++ . 


4 


1 


44-4 


4 


4 


. 15 


WD NET} 


M/41 


1.3 


AWD53 


4 


+44 


4 


1.5 


444- 


4. 


4 


16 


WD NET| 


F/31 


1 


NED 13 


+ 


4+ 


++ 


2.6 


4 


+ 


4 


17 


WD NET 


F/53 


4 


NED 24 


. + 


444 


4 F . 


4 


44+ 


4 F 


4 


18 


WD NE Ca 


M/62 . 


3 


NED 6 




4+ 




13 


44+ 


4 


4 F 


19 


WD NE CA 


F/73 


5 


DOD 20 


4 


4+4 


4 


3 


4+ 


4 




20 


see 


M/57 


6 


DOD12 


+ 


+4 


+ 


45 


4 


+ F 


+ F 


21 


sec 


M/51 


4.5 


DOD 5 


+ 


4 


4 


35 




4.F 


+ F 


22 


WD NE Ca 


M/60 


6 


NED 51 


+ 


44 


4 


1.5 






4 


23 


sec 


F/56 


6 


DOD 11 


4 


4 


4 


50 








24 


WD NE Ca 


M/77 


2.5 


NED 21 


' + 


4 


4 


24 


4 


+ F 


4 F 


25 


sec 


M/57 


5 


DOD 10 


+ 


4+- 


44- 


80 








2C 


sect 


M/68 


.11 


recent case 


+ 


4 


++ 


71 


4 







AWD, alive with disease; CgA chromogranin A; DOD, died of disease; 4 F, focal: positive in <5% of cells; IHC; Immunohistochemistry; 
Mab, monoclonal antibody; NECa. Neuroendocrine carcinoma; NED, no evidence of disease; NET, neuroendocrine tumor; NT. not tested; 
RT-PCR, reverse transcriptase polymerase chain reaction; SCC, Small-cell lung carcinoma; SYP, synaptophysin; WD, well differentiated. 
. * Ki67 IHC: values correspond to percentage of positive nuclei of neoplastic cells. 

t Patients who had preoperative octreoscan performed. 

t Patients who had octreoscan performed and octreotide treatment. 



sst2 mRNA was confirmed in well to moderately differ- 
entiated neuroendocrine rumors, in agreement with the 
results obtained by Reiibi et a]. (32) by means of radio- 
active 1SH. The presence of sst2 mRNA in SCC had 
never been reported in human specimens, except for two 
samples included in.Reubi et al.'s series (32). Although 
the data 011 cell lines support the observation that'SCCs 
contain sst2 (42), slightly discrepant results were found 
' in some of samples described here. Unforrunately, SCCs 
are rarely operated on, and therefore it is difficult to 
collect a large number of surgical specimens. The five 
samples studied in the current series by means of RT- 
PCR had a low amount (two samples) or absent (three 
samples) sst2 mRNA. This could be the result of the 
extensive neciosis commonly present in such rumor 
types. However, because care was taken to freeze frag- 
ments that were.macioscopically devoid of necrotic ar- 
eas, a more likely hypothesis' is that sst2 expression is 
reduced in poorly differentiated tumors. Recently, Reis- 
inger et al. (29) showed that the uptake of somatostatin 
analogues in patients with SCC undergoing chemo- 
therapy is significantly lower, and therapeutic externa) 
facto'nfmay affect the reeeptox status of individual ru- 
mors. In addition, the uptake of somatostatin analogues 
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in metastatic deposits of SCC has beeD shown to be low 
or absent (29,2). The present findibgs suggest that the 
-sst2 mRNA content is related to the degree of tumor 
differentiation. These data must be confirmed in larger 
series of nonneurbendocrine rumors to ascertain whether 
the observed loss or decrease of sst2 expression in neu- 
roendocrine rumors is a common, event linked to neo- 
plastic dedifferentiation. In addition, further studies are 
needed to assess the functionality of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
administration of somatostatin analogues. 

To this purpose, several investigators have demon- 
strated a correlation between clinical imaging or re- 
sponse to somatostatin analogue treatment, and sst2 
mRNA content in single samples of carcinoid tumors 
(15,22). Northern blotting and 1SH were the techniques 
used for ssl2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somatostatin 
analogue treatment, although the demonstration of recep- 
tor mRNA in a cell does not imply per se that the recep- 
tor is fully functional. . 

The presem study relied on a highly sensitive tech- 
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-FIG.-.B. sample no.- -1-1 -(typical carcinoid). In -sHtHhybod— 
ization (ISH) tot sst2 mRNA shows a weak cyloplasmatlc 
staining (A) iii most lurnor cells.. An ISH performed with an 
unrelated, probe was negative in a serial section of the 
same tumor (B). This sample was strongly positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by immunohistochernistry. (Nonradioactive- 
ISH revealed by peroxidase and diaminobenzidine, as 
substrate. Nuclei counterstained with hemalo'm.) Bar: 
75 pm. - 



nique, RT-PCR, lo identify all samples bearing even 
■ small amounts of sst2 mRNA. Indeed, in a previous 
study, single samples exhibiting octreotide-binding sites 
' had no demonstrable sst2 mRNA by means of ISH, pos- 
sibly duelo the low sensitivity of the ISH procedure (34). 
The RT-PCR bas sbown sst2 mRNA transcripts in the 
majority of samples here studied. Only four samples 
were negative, all belonging to poorly differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of sst2 mRNA expression in association with 
neuroendocrine rumor dedifferentiation had also been re- 
ported in neuroblastomas (37). In tbe above report, as 
well as in the current study, samples having an unfavor- 
able prognosis were found io contain a relatively low . 
amount of sst2 mRNA, as compared with well- 
differentiated rumors. 

In the current sample series, eight samples were in- 
vestigated before surgery with radiolabeled octreotide. 
Despite the low figures, all tbe samples positive at the 
diagnostic procedure bad a strong RT-PCR signal for 
ssl2 mRNA. Three of eight patients were also responsive 
to octreotide treatment administered at tbe time of re- 
lapse or metastatic spread. More extensive correlative 
clinicopathologic smdies on the sst status are needed to 
belter define the tissue distribution, of somatostatin bind- 
ing sites and their potential clinical role in the' treatment 
of patients 

Sst2 evaluation. by means of ISH (14,32) or RT-PCR 
(26.37) is a highly sensitive and reliableprocedure. Un- 
fortunately, ihese techniques have limitations because 
fiozen tissue is needed for some of them, and radioactive - 
material or cosily and time-consuming methods are nec- 



essary for others. Irjimunobistocbcmical analysis of sst2 
by means of specific antibodies represents an ideal, 
cheap, and rapid alternative, easily applicable to archival 
material. For these reasons, several investigators have 
raised polyclonal antibodies specific for sst (8,10,15,17, 
1 8). In tbe current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-terminaJ portion 
of the sst2A splice variant (35,36). In addition,. a mono-, 
clonal antibody was produced in the Department of Pa- 
thology (University of Turin) against an N-terminal se- 
quence of tbe human sst2. This antibody was the first 
monoclo n al devel oped against sst2 and was. shown to be 



highly specific for sst2 in Western blot and immurjobis- 
tocbemical analysis. Both the monoclonal and the poly- 
clonal antibodies specifically reacted with all. samples 
also positive by RT-PCR (with minor discrepancies in 
two' samples, likely due to tumor heterogeneity). The 
observed correlation between RT-PCR and immunobis- 
tocbemistry indicates that tbe latter may be a rebable 
diagnostic tool and may allow immunobistochernical in- 
vestigation for sst2 even in small biopsy samples. This in 
rum may enable a rapid screening of sst2-positive .tumors 
for medical treatment with somatostatin analogues. 

Having confirmed in a relatively large series that the 
vast majority of. neuroendocrine rumors of tbe lung con- 
tain variable amounts of ssl2 mRNA, a final comment is 
deserved for sst2 expression 'in nonneuroendocrine lung 
carcinomas. No data have been reported thus far in tbe 
literature concerning normal human lung, although in the 
present study some bronchial cells of periturooral paren- 
chyma were positive for sst2 when irnmunohistoebcrni- 
cal analysis was performed with either antibody. Tbe 
staining was specific because it was abolished using pre- 
absorbed antibodies. Therefore, it is likely that normal 
human lung tissue contains sst2/ This might be con- 
firmed by alternative techniques (e.g., Western blot, RT- 
PCR). However, in situ morphologic procedures, such as 
those employed here, bave definite advantages. In fact, 
the lung is rich in vessels,, and in several tissues (either in- 
rumoral or in inflammatory-reactive conditions) tbe ves- 
sels were recently shown to contain sst (6). 

A low expression of sst2 was found in 25% of lung 
carcinomas of nonneuroendocrine type investigated in 
the present study by means of RT-PCR. Therefore, sst 
type 2, at least, does not appear to be extensively ex- 
pressed in nonneuroendocrine carcinomas of tbe lung. 
However, because two tumors in the control group (a 
squamous carcinoma and an adenocarcinoma; respec- ■ 
lively) had positive octreotide scintigraphy, but no sst2 
mRNA, it is plausible that a heterogeneous disnibution 
of sst occurs in nonneuroendocrine lung rumors. Otber 
receptor types may be expressed in these tumors and may 
be responsible for the positive results in diagnostic test- 
in". Because sst5 is also known to bind somatostatin 
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analogues, such as octreotide, with high affinity (24), the 
• expression of this leceptoi type will be investigated in 
future studies. □ 
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Expression of somatostatin receptor types 1-5 in 81 cases of 
gastrointestinal and pancreatic endocrine tumors. A correlative 

imraunohistocheiuical and reverse-transcriptase polymerase chain 
reaction analysis. 

Pa P° tti M > .Po"Riovaoni M, Volante M . Allia E . Landolfi S . Helboe L Schind ler M 
Cole SL , Bussolari G . ' 

Department of Biomedical Sciences and Oncology, University of Turin, Via Santena 7, 
10126 Turin, Italy, mauro.papotti@unito.it 

Somatostatin receptors (SSTRs) have been extensively mapped in human tumors by 
means of autoradiography, reverse-transcriptase polymerase chain reaction (RT-PCR), in 
situ hybridization (ISH) and immunohistochemistry (IHC). We analyzed the SSTR type 
1-5 expression by means of RT-PCR and/or IHC in a series of 81 functioning and non- 
functioning gastroenteropancreatic (GEP) endocrine tumors and related normal tissues. 
Moreover, we compared the results with clinical, pathological and hormonal features. 
Forty-six cases (13 intestinal and 33 pancreatic) were studied for SSTR 1-5 expression 
using RT-PCR, IHC with antibodies to SSTR types 2, 3, 5 and ISH for SSTR2 rnJRNA 
The vast majority of tumors expressed SSTR types 1, 2, 3 and 5, while SSTR4 was 
detected in a small minority. Due to the good correlation between RT-PCR and IHC data 
on SSTR types 2, 3, and 5, thirty-five additional GEP endocrine tumors were studied with 
IHC alone. Pancreatic insulinomas had an heterogeneous SSTR expression, while 100% 
of somatostatinomas expressed SSTR5 and 100% gastrinomas and glucagonomas 
expressed SSTR2. Pre-operative biopsy material showed an overlapping 
immunoreactivity with that of surgical specimens, suggesting that the SSTR status can be 
detected in the diagnostic work-up. It is concluded that SSTRs 1-5 are heterogeneously 
expressed in GEP endocrine tumors and that IHC is a reliable tool to detect SSTR types 
2, 3 and 5 in surgical and biopsy specimens. 
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P-cadherin overexpression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated with CDH3 promoter 
hypometliylation. 

Paredes J , Albergaria A, Olivcii a JT . Jcronimo C . Milanczi F . Sclimitt PC . 

Institute of Pathology and Molecular Immunology of Porto University (IPATIMUP) 
Braga, Portugal, jparedes@ipatimup.pt ' ' 

PURPOSE: P-cadherin overexpression has been reported in breast carcinomas where it 
was associated with proliferative high-grade histological tumors. This study aimed to 
analyze P-cadhenn expression in invasive breast cancer and to correlate it with tumor 
markers, pathologic features, and patient survival. Another purpose was to evaluate the P- 
cadhenn promoter methylation pattern as the molecular mechanism underlying this £ ene 
regulat.on. EXPERIMENTAL DESIGN: Using.a series of invasive breast carcinomas P- 
cadhenn expression was evaluated and correlated with histologic grade, estrogen 
receptor, MIB-1, and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was assoctated with changes in CDH3 promoter methylation, we studied the 
methylation status of a gene S'-flanking region in these same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylatmg agent. RESULTS: P-cadherin expression showed a strong correlation with 
high histologic grade, increased proliferation, c-erbB-2 and p53 expression lack of 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter methylation because the 5-Aza-2'-deoxycytidine treatment of MCF-7/AZ 
cells mcreased P-cadherin mRNA and protein levels. Additionally, we found that 71% of 
P-cadhenn-negative cases showed promoter methylation, whereas 65% of positive ones 
were unmethylated (P = (X005). The normal P-cadherin-negative breast epithelial cells 
showed consistent CDH3 promoter methylation: CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of clinical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancer might be 
regulated by gene promoter hypomethylation. 
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Mammary-derived growth inhibitor protciu and messenger ribonucleic 
acid concentrations in different physiological states of the gland. 

Pgjitjs I, Gorcvvit RC , MuUer T, Grossc R . 

Department of Animal Science, Cornell University, Ithaca 14853. 

Expression of manimary-derived growth.inhibitor in tissue from lactating and involuting 
bovine mammary glands was investigated. Seventeen lactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slaughtered while in lactation. Cows of the second group (9 involuting cows) were 
slaughtered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of lactating cows. Mammary-derived growth inhibitor (less than .10% of the total 
protein) was dramatically reduced during most of the involution period (1 3 to 45 d 
following cessation of milking). Mammary-derived growth inhibitor was again detected ' 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of mammary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 
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T-cell receptor V beta-family usage in primary cutaneous and primary 
nodal T-cell non-Hodgkin's lymphomas. 

Prcesnian AH , HuJJZ, Ti|anus_MG, deGeus B, Schuurman H.T TtoU^jn 
Wichea DF , van Vlotcn WA. de Weger RA ~ " 

Department of Pathology, University Hospital Utrecht, The Netherlands. 

To evaluate whether the expression of T-cell receptor (TCR) V beta families in eight 
cases of malignant T-cell lymphomas took place in a preferential manner, we analyzed 
four cases of mycosis fUngoides (MF), the most common form of primary cutaneous T- 
cell non-Hodgkin's lymphomas (NHL), and four cases of primary nodal T-cell NHL The 
usage of V beta families in T-cell populations was investigated on mRNA that was 
. transcribed to cDNA using a C beta primer and reverse transcriptase. Subsequently the 
specific usage of the families was analyzed by polymerase chain reaction (PCR) using 
combinations of the selected C beta-oligonucleotide primer and one of the family-specific 
V beta pnmers. Peripheral blood lymphocytes from four healthy volunteers and 1 
reactive" lymph node served as a control and expressed all 20 V beta families tested for. 
In T-cell lines, with restricted V beta expression, and in three patients with advanced MF 
only one or two V beta families were expressed at the mRNA level. In an early MF lesion 
this monoclonal expression was absent: several V beta families were expressed with a 
weak intensity. This may indicate either a polyclonal origin of MF, or that too few 
monoclonal neoplastic cells were present in the tissue specimen. In the four nodal T-cell 
NHL, only one family could be clearly distinguished, whereas some of the other V beta 
families showed only a weak expression. These latter families represent the reactive T- 
cell component in the nodal T-cell NHL. Both in nodal T-cell NHL and in MF there was 
no preferential expression of a particular V beta family. There was a good correlation 
between PCR data and the expression of V beta^amily protein products observed by 
immunohistochemistry on tissue sections of the T-cell lymphomas. All T-cell lines three 
cases of MF, and three cases of nodal T-cell NHL showed a rearrangement of the TCR 
beta chain on DNA level. 
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Matrilin-3 iu humau articular cartilage: increased expression iu 
osteoarthritis. 

PutUg O, Wcscloli G , Klatt AR , Wagoner R , Swoboda B . 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Erlangen-Nuremberg, Rathsbcrger Str. 57, D-9 1 054 Erlangen, Germany. 
oliver.pullig@med.uni-edangen.de 

OBJECTIVE: Matrilin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-like domains. The 
matrilin-3 subunit can form homo-tetramers as well as hetero-oligomers together with 
subunits of matrilin- 1 (cartilage matrix protein). It has a restricted tissue distribution and 
is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is important to understand cartilage function 
. in health and in disease like osteoarthritis (OA). METHODS: Normal and osteoarthritic 
cartilage were systematically analysed for matrilin-3 expression, using 
immunohistochemistry, Western blot analysis, in situ hybridization, and quantitative 
PCR. RESULTS: Our results indicate that matrilin-3 is a mandatory component of 
mature articular cartilage with its expression being restricted to chondrocytes from the 
tangential zone and the upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix, 
with no cellular staining being detectable. In cartilage samples with minor osteoarthritic 
lesions, matrilin-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matrilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoarthritic 
degeneration showed the highest amount of matrilin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 
CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 OsteoArthritis 
Research Society International. 
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Up-regulation of mitochondrial peripheral benzodiazepine receptor 
expression by tumor necrosis factor alpha in testicular leydig cells. 
Possible involvement in cell survival. 

Rey_C, Mauduit C . Naureils O . Benahmcd M . Louisot P . Gasnier F . 

INSERM U. 189, Facultede Medecine Lyon-Sud, BP 12, 69921 cedex, Oullins, France. 

Porcine Leydig cells in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFalpha killing by treatment with the transtational inhibitor cycloheximide, suggesting 
the existence of proteins that can suppress the death stimulus induced by the cytokine. In 
search of these cytoprotective proteins, we focused on the constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 

. up-regulated mRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PBR), an outer membrane-derived constituent of the pore. A 
strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated Bcl-2 
mRNA and protein expression. As Bcl-2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of the 

'PTpore. 
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GLUTl messenger RNA and protein induction relates to the malignant 
transformation of cervical cancer. 

Riidlowski C, Becker AJ. Schroder W . Rath VV . Duttner R . Moser M . 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
691 15 Heidelberg,. Germany. ' 

We studied whether induction of glucose transporters (GLUTs) t to 4 correlates with 
human papillomavirus (HPV)-dependent malignant transformation of cervical epithelium 
Tissue samples of cervical intraepithelial neoplasia (CIN; grades I to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was performed 
Tissue sections were immunostained with GLUTl to GLUT4 antibodies. Messenger 
RNA (rriRNA) in situ hybridization confirmed GLUTl protein expression. Weak 
expression of GLUT I was found in nondysplastic HP V-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions correlating with 
the degree of dysplasia. In CIN 3 high-risk HPV lesions, cervical cancer, and metastasis 
GLUTl was expressed at highest levels with a strong correlation of GLUTl mRNA and' 
protein expression. Imrriunostains for GLUT2 to GLUT4 were negative. Cervical rumor 
cells respond to enhanced glucose utilization by up-regulation of GLUTl The strong 
induction of GLUTl mRNA and protein in HPV-positive CIN 3 lesions suggests GLUTl 
overexpression as an early event in cervical neoplasia. GLUTl is potentially relevant as a 
diagnostic tool and glucose metabolism as a therapeutic target in cervical cancer 
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Expression and distribution oftaminin alphal and alpha2 chains in 
embryonic and adult mouse tissues: an immunochemical approach. 

SasakiX GUtaiiR, TaltsJJ, TjntElJR, TaltiJF. 

Max-Planck- Institute for Biochemistry, Martinsried, D-82I52, Germany. 

Protein levels, mRNA expression, and localization of laminin alphal and alpha2 chains in 
development and in adult mice were examined. Recombinant fragments were used to 
obtain high-titer-specifip polyclonal antibodies for establishing quantitative 
radioimmuno-inhibition assays. This often demonstrated an abundance of alpha2 chain 
but also distinct amounts of alphal chain for adult tissues. The highest amounts of alphal 
were round in placenta, kidney, testis, and liver and exceeded those of alpha2 All other 
tissue extracts showed a higher content of alpha2, which was particularly high in heart 
and muscle when compared to alphal. Content of gammal chain, shared by most 
laminins, was also analyzed. This demonstrated gammal chain levels being equal to or 
moderately exceeding the sum of alphal and alpha2 chains, indicating that these isoforms 
represent the major known laminin isoforms in most adult mouse tissues so far examined 
Moreover, we found good correlation between radioimmuno-inhibition data and raRNA 
levels of adult Ussues as measured by quantitative real-time reverse transcriptase-PCR 
Embryonic tissues were also analyzed by radioimmuno-inhibition assays This 
demonstrated for day 1 1 embryos comparable amounts of alphal and gammal and a 
more than 25-fold lower content of alpha2. This content increased to about 10% of 
alphal in day 13 embryos. The day 18 embryo showed in heart, kidney, and liver but not 
yet in brain and lung, alphal/alpha2 chain ratios comparable t6 those in adult tissues 
Immunostaimng demonstrated alphal in Reichert's membrane (day 7.5) while alpha2 
could not be detected before day 11.5. These data were compared with 
immunohistochemical localization results on several more embryonic and adult tissue 
sections. Our results regarding localization are consistent with those of earlier work with 
some notable exceptions. This was in part due to epitope masking for monoclonal 
antibodies commonly used in previous studies in esophagus, intestine, stomach liver 
kidney, and spleen. " ' 
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Discordant regulation of granzyrae H and granzyme B expression in 
human lymphocytes. 

Sedelies KA, Savers TJ , Edwards KM, Chen W. PeUicci DG . Godfrey PI , Trapani 

Cancer immunology Laboratory, Peter MacCallum Cancer Centre Locked Bag 1 
A'Beckett Street, East Melbourne, 8006, Australia. * ' 

We analyzed the expression of granzyme H in human blood leukocytes, using a novel 
monoclonal antibody raised against recombinant granzyme H. 33-kDa granzyme H was 
easily detected in un fractionated peripheral blood mononuclear cells due to its high 
constitutive expression in CD3(-)CD56(+) natural killer (NK) cells, whereas granzyme B 
was less abundant. The NK lymphoma cell lines, YT and Lopez, also expressed high 
granzyme H levels. Unstimulated CD4(+) and particularly CD8(+) T cells expressed far 
lower levels of granzyme H than NFC cells, and various agents that classically induce T 
cell activation, proliferation, and enhanced granzyme B expression failed to induce 
granzyme H expression in T cells. Also, granzyme H was not detected in NBC T cells 
monocytes, or neutrophils. There was a good correlation between mRNA and protein 
expression in cells that synthesize both granzymes B and H, suggesting that gzmH gene 
transcription is regulated similarly to gzmB. Overall, our data indicate that although the 
gzmB and gzmH genes are tightly linked, expression of the proteins is quite discordant in 
T and NK cells. The finding that granzyme H is frequently more abundant than granzyme 

m ^ cells 1S consistent with a role for granzyme H in complementing the pro- 
apoptotic function of granzyme B in human NK cells. 
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BCL2 protein expression parallels its mRNA level in normal and 
malignant B cells. 

Slien Y , Iqbal J, Huang JZ . Zhou G . Chan WC. 

Department of Pathology and Microbiology, University of Nebraska Medical Center 
Omaha, USA. ' 

The regulation of B-cell. lymphoma 2 (BCL2) protein expression in .germinal center (GC) 
B ceils has been controversial. Previous reports have indicated posttranscriptional 
regulation plays a dominant role. However, a number of recent studies contradicted these 
reports. Using real-time polymerase chain reaction (PCR) and Standardized Reverse 
Transcriptase-PCR (StaRT-PCR), we measured the level of mRNA expression in GC, 
mantle zone (MNZ), and marginal zone (MGZ) cells from laser capture microdissection. 
Both quantitative RT-PCR measurements of microdissected GC cells from tonsils 
showed that GC cells had low expression of BCL2 transcripts commensurate with the 
low protein expression level, these results are in agreement with microarray studies on 
fluorescence-activated cell sorter (FACS)-sorted cells and microdissected GC cells. We 
also examined BCL2 mRNA and protein expression on a series of 30 cases of diffuse 
large B-cell lymphoma (DLBCL) and found, in general/a good correlation. The results 
suggested that BCL2 protein expression is regulated at the transcriptional level in normal 
B cells and in the neoplastic cells in most B-cell lymphoprohferative disorders. 
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Quantitative determinations of the steady state transcript levels of 
hexokinase isozymes and glucose transporter isoforms in normal rat 
tissues and the malignant tumor cell Line AH130. 

Shinohara Y, Yamamoto K . Inoo K Yamazaki N. Terada H . 

Faculty of Pharmaceutical Sciences, University of Tokushima, Japan. 
yasuo@ph.tokushima-u.ac.jp 

The steady state transcript levels of the four hexokinase (HK) isozymes and four glucose 
: ™POrter (GLUT) isoforms were determined quantitatively by Northern analysis of 
. ^Ples from rat tissues using synthetic fragments of the RNAs encoding the HK 
isozymes and GLUT isoforms. Results showed that the levels of HK isozyme transcripts 
were low in rat tissues, the level of that most highly expressed, the type I isozyme (HKI) 
m the brain being 0.025% of the total poly(A)+ RNA. A good correlation was found ' 
between the reported HK activities and the total amounts of transcripts encoding all HK 
isozymes in various tissues, showing that the HK activities in tissues can be estimated 
from the total amount of transcripts encoding HK isozymes. The proposed associated 
expressions of HK isozymes and GLUT isoforms in particular tissues were confirmed at 
their transcript levels. The steady state transcript levels of type II HK and the type 1 
GLUT isoform m the malignant tumor cell line AHl 30 were also determined 
quantitatively. 
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UVA irradiation-iaduccd activation of activator protein-1 is correlated 
with induced expression of AJP-l family members in the human 
keratinocytc cell line HaCaT. 

Silvers AL , Bowden GT . 

Department of Radiation Oncology, Arizona Cancer Center, The University of Arizona, 
Tucson 85724, USA. 

. To determine whether the transcription factor activator protein-1 (AP-1) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-1 DNA-binding activity 
and transactiyation after exposure to UVA in the human immortalized keratinocyte cell 
line HaCaT. Maximal AP-1 transactivatipn was observed with 250 kJ/m2 UVA between 
3 and 4 h after irradiation; DNA binding of AP-1 to the target 12-0- 
tetradecanoylphorbol- 13 -acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo transcription and translation contributed to the UVA- 
induced AP-1 DNA binding. c-Fos was implicated as a primary component of the AP-1 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD. UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong correlation existed between UVA-^induced AP-1 activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins. UVA irradiation also induced c-fos and c-jun mRNA 
expression and transcriptional activation of the c-fos gene promoter.. These results 
demonstrate that UVA irradiation activates AP- 1 and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA. irradiation. 
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Rat kidney glutamyl aminopeptidase (aminopeptidase A): molecular 
identity aud cellular localization. 

SongJL, Ye M, TroyaaovskaY a IVf. Wilk E . Wilk S. Healy PP . 

Department of Pharmacology, Mount Sinai School of Medicine, City University of New 
York, New York 10029. 

Glutamyl aminopeptidase [aminopeptidase A (EAP), EC 3.4. 1 1 .7] is an ectoenzyme that 
selectively hydrolyzes acidic amino acid residues from the amino terminus of 
oligopeptides. EAP activity is highest within the kidney and small intestine. The murine 
pre-B cell BP-1/6C3 and the human kidney glycoprotein gpl<50 differentiation antigens 
have been reported to have biochemical properties indistinguishable from EAP. It is not 
known, however, if rat kidney EAP is a homologue of these antigens or molecularly 
distinct. Using the reverse transcription-potymerase chain reaction method with 
oligonucleotide primers based on the BP-1/6C3 nucleotide sequence, we isolated a 450- 
bp partial cDNA from rat kidney poly(A)+ RNA. The partial cDNA encoded a predicted 
protein that was 92% and 86% identical to the murine BP-1/6C3 and human gp 160 
antigens, respectively; the amino acid sequence within the zinc-binding domain was 
completely conserved. Purification of EAP from rat kidney and microsequence analysis 
of a tryptic digest peptide fragment ( 1 8-mer) indicated that the fragment was highly 
similar to a region within the BP-1/6C3 and gpl60 proteins. Northern blot hybridization 
and immunoblot analyses.were also consistent with labeling of products the same size as 
reported for the BP-1/6C3 and gpl60 antigens. There was a good correlation between the 
cellular distribution of EAP mRNA and EAP immunbreactivity, with proximal tubules 
and glomerular mesangial cells having the highest densities. These results indicate that 
rat kidney EAP is a species homologue of the murine BP-1/6C3 and human gpl60 
antigens. Furthermore, on the basis of its cellular localization, rat kidney EAP is likely to 
be involved in degradation of oligopeptides within the glomerulus and the glomerular 
filtrate. Since cells that express EAP also express receptors for angiotensin II, an 
intrarenal vasoactive hormone that is a substrate for EAP, these results further suggest 
that EAP may play a role in modulating the activity of intrarenal angiotensin II. 
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Tumor accrosis factor-alpha uprcgulates the prostaglandin E2 EPl 
receptor subtype and the cycIooxygcnasc-2 isoforra La cultured amnion 
WISH cells. 

Spaziani EP , Bcnoit RR , Tsibris JC . Gould SF . O'Briea WF . 

University of South Florida Health Science Center, Department of Obstetrics & 
Gynecology, Tampa 33612, USA. espazian@coml.med.usf.edu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on the levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype EP 1 in amnion WISH cell culture. 
Amnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng/ml). Changes in cyclooxygenase and EPl receptor proteins were evaluated by 
Western blot analysis. Changes in EPl mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (ElA). 
.EP 1 protein (p<0.0 1 ), EP 1 mRNA (p<0.05), cyclooxygenase-2 (COX-2) protein 
(pO.001), and PGE2 concentrations (p<0.01) all increased with increasing 
concentrations of TNF-alpha. Changes in COX-1 protein were not observed following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced preterm labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EPl receptor levels in human amnion. 
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Transcriptional activity of potent glucocorticoids: relevance of 
glucocorticoid receptor isoforras and drug metabolites. 

Spika I , HammcrS. Kleiiser B . Korting HC . Schafer-Korting M . 

Institut fur Pharmazie, Abteilung for Pharmalcologie und Toxikologie, Freie Universitat 
Berlin, Berlin, Germany. 

As compared to standard glucocorticoids (GC), prednicarbate (PC) is favorable in the 
treatment of eczema due to its high benefit/risk ratio. The remarkable anti -inflammatory 
effects of PC are in strong contrast to its reported low glucocorticoid receptor (GR) 
binding affinity. In transfected COS-7 cells we related the transcriptional potencies of 
PC; its metabolites and conventional GC to their receptor binding properties. Moreover, 
the expression pattern of the human GR isoform hGRalpha and its mutual dominant 
negative inhibitor hGRbeta in skin cells have been investigated as well as the influence of 
hGRbeta on receptor binding and transactivation. hGRalpha mRNA and protein was 
largely overexpressed in skin cells. hGRbeta showed no influence on hGRalpha binding 
and transactivation. Concentration response curves indicated the greater transactivation 
potency of betamethasone 17-valerate followed by dexamethasone and prednisolone 17- 
ethylcarbonate. Native PC appeared almost as potent as dexamethasone. With both a 
strong correlation was observed between transactivation and GR binding Coovrieht 2003 
S. KLarger AG, Basel 
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Specific inhibition of AQP1 water chaunels in isolated rat intrahepatic bile 
duct uuits by small interfering RNAs. 

Splinter PL . Mas yule AI , LaRusso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hepatology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905, 
USA.. 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliary epithelia. However 
direct functional studies demonstrating AQP-mediated water transport in cholangiocytes ■ 
are limited, in part because of the lack of specific AQP inhibitors. To address this issue 
we destgned, synthesized, and utilized small interfering RNAs (si RNAs) selective for ' 
AQP 1 and investigated their effectiveness in altering AQP 1 -mediated water transport in 
intrahepatic bile duct units (iBDUs) isolated from rat liver. Twenty-four hours after 
transfection of IBDUs with siRNAs targeting two. different regions of the AQP 1 
transcript, both AQP1 mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQP 1 -siRNAs but in random sequence (i.e. scrambled siRNAs) had no effect. 
Suppression of AQP1 expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQPl protein expression and water transport in IBDUs trans fected with AQP1- 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQP 1 gene silencing by AQP 1 -siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution of AQP 1 to water transport by 
biliary epithelia. 
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Type 1Y collagenase (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME t Wang M. 

Department of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV collagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gleason grades of malignant prostate 
cancer (18 patients). Immunoperoxidase labeling indicated that expression of the type IV 
collagenase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gleason grades 1-8. In moderate to 
advanced cancer (i.e., Gleason grades 2 to 8), invasive tumor foci in the stromal tissue produced 
relatively modest amounts of type IV collagenase. The normal stromal tissue (i.e., fibroblasts) 
uniformly failed to produce detectable levels of type IV collagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that collagenase type IV 
mRNA levels were low in benign tissue and high in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV collagenase mRNA. Enzyme-linked 
immunosorbent assays demonstrated that the amounts of type IV collagenase protein correlated 
directly with the mRNA levels in the tumor tissue. The studies suggest that type IV collagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 
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The decompensated detrusor III: impact of bladder outlet obstruction on 
sarcoplasmic endoplasmic reticulum protein and gene expression. 

SteuiR, Gong C, Hutcheson JC , Canning DA , Zderic SA . 

Division of Urology, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, 



PURPOSE: Regulation of calcium ion homeostasis has a significant role in smooth 
muscle contractility. The sarcoplasmic endoplasmic reticulum, calcium; magnesium, 
adenosine triphosphatase (SERCA) is a regulatory ion pump that may have a role in'the 
functional outcome after outlet obstruction. We investigate what correlation if any existed 
between SERCA protein and gene expression, and the contractile properties in the same 
bladder. MATERIALS AND METHODS: Standardized partial bladder outlet 
obstructions were created in adult New Zealand white rabbits, which were divided into 
control, sham operated and obstructed groups. Muscle strip studies subcategorized the 
obstructed group into compensated (force greater than 50% of control) and 
decompensated (force less than 50% of control). Microsomal membrane and total RNA 
fractions were prepared from the same bladder tissue. Membrane proteins were used for 
Western blot analysis using a SERCA specific monoclonal antibody, and total RNA was 
assessed with Northern blot analysis. RESULTS: The relative intensities of signals for 
the Western and Northern blots demonstrated a strong correlation between protein and 
gene expression. Furthermore there was a strong association between the loss of SERCA 
messenger RNA and protein expression and loss of bladder function. CONCLUSIONS: 
Bladder contractility after outlet obstruction is influenced in part by smooth muscle cell 
ability to maintain calcium homeostasis via SERCA, The loss of SERCA protein 
expression is mediated by down-regulation in gene expression in the same bladder. These 
data suggest that smooth muscle ion pump gene expression is in part mechanically 
(pressure work) regulated. . 
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TNF-alpha and IL-8 are upregulated in the epidermis of normal human 
skin after UVB exposure: correlation with neutrophil accumulation and E- 
selectiu expression. 

Stricklaad [ . Rhodes LE . Flanagan BF. Friedniann PS . 

Department of Dermatology, University of Liverpool, United Kingdom. 

The in vivo response to ultraviolet B (UVB) radiation in skin is characterized by the 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules. Epidermal production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB-induced 
inflammation. In the current study, we examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in the epidermis over a 24-h period after in vivo UVB 
irradiation. Also, the induction of adhesion molecule expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
•upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h. TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-l or VCAfvt-l expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward. and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r = 0.96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- 
alpha and IL-8 may act subsequently to augment the inflammatory response. 



PMDD: 9129230 [PubMed - indexed for MEDLINE] 



24 8: Kidn ey Ihj.2000 Apr;57(4):1521-38. Related Articles. Links 

Basic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation. 

Strutz F. Zeisberg M , Bemmerlem B , Sartler B, Hummel K, Becker V , Muller GA . 

Department of Nephrology and Rheumatology, Georg-August-University Gottingen, 
Germany, fstrutz@gwdg.de 

BACKGROUND: Interstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proliferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts intracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by immunofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, interstitial FGF-2 labeling was 
determined. semiquantitatively in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined 
interstitial cortical volume. In addition, FGF-2 expression was quantitated by immunoblot 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor-] (FGFR-1) were examined. The effects of FGF-2 on cell 
proliferation were determined by bromodeoxyuridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type 1 and 
fibronectin. Finally, proliferative activity in vivo was evaluated by expression of MlB-1 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-like. cells. The 
expression of FGF-2 protein was increased in human kidneys, with tubulointerstitial 
scarring correlating with the degree of interstitial fibrosis (r = 0.84, P < 0.01 ). 
Immunoblot analyses confirmed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. In situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular cells in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-1 in vitro. FGF-2 induced a robust growth response in these cells that, 
could be blocked specifically by a neutralizing FGF-2 antibody. Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proliferation up to 31.5%. Jn 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to J .6-fold, but no 
significant effect Was observed on the synthesis of collagen type 1 and fibronectin. 
Finally, staining for MlB-1 revealed a good correlation of interstitial FGF-2 positivity 



with interstitial and tubular proliferative activity (r = 0.71, P < 0.01 for interstitial 
proliferation, N = 30). CONCLUSIONS: Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 
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Adiposity elevates plasma MCP-1 levels leading to the increased CDllb- 
positive monocytes in mice. 

Takahashi K. MizuaraiS , Araki H , Mashiko S , Ishiltara A. Kanatani A , Itadani H , 
Kotani H . 

Banyu Tsukuba Research Institute in collaboration with Merck Research Laboratories, 
TsuJcuba, rbaraki 300-2611, Japan. '• 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer. Taking advantage of DNA microarray technology, we tried to identify the 
molecules explaining the relationship between obesity and vascular disorders, comparing 
.mRNA expression of about 12,000 genes in white adipose tissue between normal, high 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein-1 (MCP-1) mRNA displayed a 7.2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-1 protein levels in adipocytes. MCP-1 levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified. We also showed that elevated MCP-1 protein levels in plasma increased the 
CD1 lb-positive monocyte/macrophage population in DIO mice. Furthermore, infusion of 
MCP-1 into lean mice increased the CD 1 lb-positive monocyte population without 
inducing changes in body weight/Given the importance of MCP-1 in activation of 
monocytes and subsequent atherosclerotic development, these results suggest a novel role 
of adiposity in the development of vascular disorders. 
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Augmented expression of neuronal nitric oxide synthase in the atria 
parasympathetically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoto Y . Aoyama T . Tanaka K . Keyamura R . YinY, Sasayama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND: Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that NO in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
after myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats . 
with MI 1, 3, 7, and 14 days after MI (n=7 to 22 for each group). Both the mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1, 3, and 7 days after MI. nNOS activity in the atria 1 
day after infarction was also increased in MI rats. nNOS immunoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, l-(2- 
trifluoromethylphenyl) imidazole (TRIM) (50 mg/kg IV), heart rate was significantly 
(P<0.01) increased in MI rats compared with controls 1, 3, and 7 days after MI. The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with MI. The effect of TRIM was abolished by.pretreatment.with L-arginine (25 
mg/kg IV) or by parasympathetic blockade with atropine but not by propranolol. There 
was a strong correlation (r=0.837, PO.0001) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats with acute MI. 
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Differential upregulation of cellular adhesion molecules a t the sites of 
oxidative stress iu experimental acute pancreatitis. 

TclekG, Ducroc R, Scoazec JY . Pasquicr C . Feldmann G . Roze C . 

INSERM U 4 1 0, Universite Paris 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by 
nuclear factor kappa-B (NF-kappa B). We investigated die behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochem.stry (reaction of OFRs widi cerium produces laser reflective Ceperhydroxide 
precipitates) combined with reflectance confocal laser scanning microscopy (CLSM) 
allows the histological codemonstration of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurocholate AP was induced in rats; sham 
operated and normal animals served as controls. To achieve in situ, in vivo reaction of 
cenum with OFRs, animals were perfused with CeCl(3) solution at different time points 
(1, 2, 8, 24 h) and then sacrificed. E-selectin, P-selectin, rCAM-1, VCAM and NF-kappa 
B P 65 were labeled by immunofluorescence (IF) on frozen sections of cerium perfused 
pancreata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negligible reflectance 
and minimal CAM expression. Early (1, 2 h) AP samples were characterized by intense 
heterogeneous acinar OFR production, strong P-selectin, and increasing ICAM 
expression, with nuclear translocation of p65, histologically all colocalizing with the 
areas of acinar oxidative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly declining P-seleetin, but 
persisting ICAM-1 expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-selectin showed a mild 
increase at 24 h. CAM gene activation was in good correlation with the protein 
expression, CONCLUSIONS: The early acinar oxidative stress is co localized with NF- 
kappa B act.vation, preferential P-selectin, and ICAM upregulation in this AP model 
Subsequently, adherent, activated PMNs become the major source of OFRs thereby 
contributing to tissue damage. Copyright 2001 Academic Press. 
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Myotonic dystrophy: an unstable CTG repeat in a protein kinase gene. 
Timcheiilco L . Monckton DG . Caskey CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. ' 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in the 3' 
untranslated region of a gene encoding a proteinhomologous to serine/threonine protein 
kinases. In DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
Strang correlation between the size of the repeats and the age of onset and severity of the 
disease. The molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-proteinkinase 
(Mt-PK.) mRNA and protein levels. However, aldiough the consensus finding is that the 
Mt PK mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to the DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and the expression of the myotonin-protein kinase 
gene in normal and DM populations. 
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• Review 

• Review. Tutorial 
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Induction of class 3 aldehyde dehydrogenase in the mouse hepatoma cell 
hue Hepa-1 by various chemicals. 

Torronen R . Kot Icalainen M . Karen la moi SO . 
Department of Physiology, University of Kuopio, Finland. 

The mouse hepatoma cell line Hepa- 1 was shown to express an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NADP ALDH). As compared with rat liver and hepatoma cell 
lines, the response was moderate (maximally 5-fold). There was an apparent correlation 
between this specific form of ALDH and aryl hydrocarbon hydroxylase (AHH) in the 
Hepa- 1 wild-type cell line-in terms of inducibility by several chemicals. However, the 
magnitude of the response was clearly smaller for ALDH than for AHH. Southern 'blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-1. and there was a good correlation 
between the increase of class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity aaer exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
inducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme' is not inducible in mouse iiver in vivo. 
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Relationship between cyclin Dl and p21(Wafl/Cipl) during differentiation 
of human myeloid leukemia cell lines. 

Ullmannova V . Stockbaucr P . Hradcova M . Soucek J , Haskovec C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion U 
Nemocnice 1, 128 20 Prague 2, Czech Republic, ullman@ulikt.cz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML-1, ML-2 and ML-3 during induction of differentiation in vitro. 
Myelomonocytic differentiation was induced by phorbol ester (12-o-TetradecanoyI- " 
phorbol-13-acetate,TPA), tumor necrosis factor alpha (TNFalpha) or interferon gamma 
(INFgamma), or their combinat ion. Differentiation (with the exception of TNFalpha 
alone) was accompanied by inhibition of DN A synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B 
cdk6 and Ki-67 genes, and with increased P 21(Wafl/Cipl) gene expression,' as measured 
by comparative RT-PCR. Expression of the following genes was not changed after 
induction of differentiation: cyclin Al, cyclin D3, cyclin El and p27(Kipl). Surprisingly, 
cyclin D I expression was upregulated after induction by TPA, TNFalpha with 
IFNgamma or BA. Cyclin D2 was upregulated only after induction by BA. The results of 
the expression of the tested genes obtained by comparative RT-PCR were confirmed by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by ' 
TPA. The upregulation of cyclin Dl in differentiating cells seems to be compensated by 
the upregulation of P 21(Wafl/Cipl).These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and P 21(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated network regulating proliferation and differentiation of leukemic cells. 
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Intestinal carbamoyl phosphate syothasc I in human and rat Expression 
during development shows species differences and mosaic expression in 
duodenum of both species. . 

Van Bees EH , Rings EH, Posthuma G, Dingemanse MA . Taminiau JA. Hermans 
HS, Euicrhand AW . Duller HA . Dekker J . 

Pediatric Gastroenterology and Nutrition, Department Pediauics, Emma Children's 
Hospital, Academic Medical Center, Amsterdam, The Netherlands. 

The clinical importance of carbamoyl phosphate synthase 1 (CPSI) relates to its capacity 
to metabolize ammonia, because CPSI deficiencies cause lethal serum ammonia levels 
Although some metabolic parameters concerning b'ver and intestinal CPSI have been 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
unclear without a detailed description of its developmental and spatial expression 
patterns. Therefore, we determined the patterns of enterocytic CPSI mRNA and protein 
expression in human and rat intestine during embryonic and postnatal development using 
m situ hybridization and immunohistochemistry. CPSI protein appeared during human 
embryo-genesis in liver at 31-35 e. d. (embryonic days) before intestine (59 e.d.) whereas 
in rat CPSI detection in intestine (at 16 e.d.) preceded liver (20 e.d.). During all stages of 
deve opment there was a good correlation between the expression of CPSI protein and 
mRNA in the intestinal epithelium. Strikingly, duodenal enterocytes in both species 
exhibited mosaic CPSI protein expression despite uniform CPSI mRNA expression in the 
epithelium and the presence of functional mitochondria in all epithelial cells. Unlike rat 

. M ln human embryos was expressed in liver before intestine. Although CPSI was ' 
pnmanly regulated at the transcriptional level, CPSI protein appeared mosaic in the 
duodenum of both species, possibly due to post-transcriptiprial regulation. 
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Expression of deoxycytidine kinase in leukaemic cells compared with solid 
tumour cell lines, liver metastases and normal liver. 

van der Wilt CL , Kroep JR. Loves WJ . Rots MG , Van Groeningen CJ , Kaspers GJ, 
Peters GJ . 

Department of Medical Oncology, VU University Medical Center, Amsterdam, The 
Netherlands. 

. Deoxycytidine kinase (dCK) is required for the phosphorylation of several 
deoxyribonucleoside analogues that are widely employed as chemotherapeutic agents. 
Examples include cytosine arabinoside (Ara-C) arid 2-chlorodeoxyadenosine (CdA) in 
the treatment of acute myeloid leukaemia (AML) and gemcitabine to treat solid tumours. 
In tin's study, expression of dCK mRNA was measured by a competitive template reverse 
transcriptase polymerase chain reaction (CT RT-PCR) in seven cell lines of different 
histological origin, 1 6 childhood and adult AML samples, 10 human liver samples and 11 
human liver metastases of colorectal cancer origin. The enzyme activity and protein 
expression levels of dCK in the cell lines were closely related to the mRNA expression 
. levels (r=0.75, P=0.026 and r=0.86, P=0.007). In AML samples, dCK mRNA expression 
ranged from 1 .1 6 to 35.25 (xl 0(-3)xdCK/beta-actin). In the cell line panel, the range was 
2.97-56.9 (xlO(-3)xdCK7beta-actin) of dCK mRNA expression. The enzyme activity in 
liver metastases was correlated to dCK. mRNA expression (r=0.497, P=O.05). In the liver 
samples, these were not correlated. dCK mRNA expression showed only a 36-fold range 
in liver while a 150-fold range was observed in the liver metastases. In addition, dCK 
activity and mean 'mRNA levels were 2.5-fold, higher in die metastases than in the liver 
samples. Since dCK is associated with the sensitivity to deoxynucleoside analogues and 
because of the good correlation between die different dCK measurements in malignant 
cells and tumours, the CT-RT PCR assay will be useful in the selection. of patients that 
can be treated with deoxycytidine analogues. 
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Expression of cytokines and growth factors in human 
gloinerulonephritides. 

Waldhcrr R, Noronha IL , Niemir Z , Kruger C , Stein H . Stumm G . 
Department of Pathology, University of Heidelberg, Germany. 

Numerous experimental studies point to the potential role of cytokines and growth factors 
in the pathogenesis of renal disease. However, from the various autocrine and paracrine 
mediators identified in vitro and in animal models, so far only a few have been 
demonstrated in selected human glomerulopathies. We examined two types of 
glomerulonephritis (GN): extracapillary GN with anti-neutrbphil cytoplasmic 
autoantibodies (ANCA), an example of an acute form of GN, and mesangial IgA GN, 
usually a chronic form of GN, with immunocytochemistry, in situ hybridization and the 
polymerase chain reaction. Normal renal tissue from tumour nephrectomies served as a 
control. In ANCA-positive GN with active renal lesions (crescents, glomerular and 
vascular necrosis), infiltrating mononuclear cells in glomeruli and in the interstitiurn 
expressed interleukin (IL)-1 beta, tumour necrosis factor (TNF)-alpha, IL-2, interferon 
(IFN)-gamma, platelet-derived growth factor (PDGF) and transforming growth factor 
(TGF)-beta. Cytokine expression was also observed in activated resident cells, including 
endothelial cells, capsular epithelial cells, smooth muscle cells of vessel walls, fibroblasts 
and some tubular epithelial cells. In addition, we noted an increase in the cytokine and 
growth factor receptors TNF-R, IL-1R type II, IL-2R, IFN-gamrria R and PDGF beta-R^ 
In contrast, in mesangial IgA-GN, IL-l beta, TNF-alpha, IFN-gamma and IL-2 were 
usually absent in glomeruli. Mesangial expansion in this disorder was accompanied by an 
increased expression of PDGF, PDGF beta-R, TGF-beta and IL-6 in mesangial areas. In 
both conditions a good correlation was observed between cytokine expression at the 
mRNA (in situ hybridization) and protein level (immunocytochemistry).(ABSTRACT 
TRUNCATED AT 250 WORDS) 

Publication Types: 

• Review 

• Review. Tutorial 
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Malignant transformation of the human endometrium is associated with 
overexpressiou of lactoferrin messenger RNA and protein. 

Walmer DK, Padin CJ . Wrona MA . Healy BE . Bentley RC . Tsao MS . Koliler MF 
McLachlan JA . Gray KX> 

Department of Obstetrics and Gynecology, Duke University Medical Center Durham 
North Carolina 27710. 

In the mouse uterus, lactoferrin is a major estrogen-inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation. 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasias, and adenocarcinomas using 
immunohistochemistry, Western immunoblotting, and Northern and in situ RNA 
hybridization techniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing the protein. In comparison, only. 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear immunostaining patterns under different fixation conditions in 
both normal and malignant epithelial cells, similar to those previously reported in the 
mouse reproductive tract; Serial sections of malignant specimens show a good correlation 
between the localization of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and immunohistochemistry. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in . a region of normal 
endometrium known as the zona basalis which is not shed, with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 
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Malignant Transformation of the Human Endometrium Is Associated with 
Overexpression of Lactoferrin Messenger RNA and Protein 

Dayid K. Walmer, 1 Cheryl J. Padin, Mark A. Wrona, Bridget E. Healy, Rex C. BeDtley, Ming-Sound Tsao, 
Matthew F. KohJer, John A. McLachJan, and Karen D. Gray 
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ABSTRACT 

■ 1st the mouse uterus, lactoferrin is a major estrogen-inducible uterine 
secretory protein, and its expression correlates directly with ibe period of 
peak epithelial cell proliferation. In Ibis study, we examine the expression 
' of lactoferrin mKNA and protein In human endometrium, endometrial 
hyperplasias, and adenocarcinomas using iromunohisiochernistry, "West- 
ern immunoblolling, and NoWhern and in situ RNA hybridization lech- 
• nicjnes. Our results reveal that lactoferrin is expressed in normal cycling 
endometrium by a restricted number or glandular epithelial cells located 
deep in the 20db bnsalis. Two thirds (8 of 12) of the endometrial adeno- 
carcinomas examined overexpress lactoferrin. Tbis tumor- associated in- 
crease in lactoferrin expression includes an elevation in Ibe miXSA and 
-protein of individual cells and an increase In the number of cells express- 
ing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in bctofcrrrn. We also 
' observe distinct cytoplasmic and nuclear immunostalning patterns under 
different fixation conditions in both normal and malignant epithelial cells, 
'similar to those previously reported in the mouse reproductive tract. 
Serial sections of malignant specimens show a good correlation between 
the localization of lactoferrin mRNA and protein in individual epithelial 
cells by in situ RNA hybridization and immonohistocbemistrT. Although 
the degree of lactoferrin expression in the adenocarcinomas did not 
correlate with Ibe tumor stage, grade, or depth of invasion in these 12 
patients, there was a striking inverse correlation between the presence of 
progesteroDe receptors and lactoferrin in all 8 lacioferrin-posilive adeno- 
carcinomas. In summary, lactoferrin is expressed in a region ol normal 
endometrium known as the zona basalis which is not shed wilh menstru- 
ation and is frequently over expressed by progesterone receptor-negative 
cells in endometrial adenocarcinomas. 



INTRODUCTION 

The uterus is a sex sieioid-iesponsivc organ tbal plays a major role 
in women's health. Hysleiecloroics were the most frequently per- 
formed roajot sutgica) proccdmes in a 20-year study interval 
(1965-1984; Rci. 1). Fifty-eight to 80% of ihese 12.5 million 
pioccduics wete performed foi esirogen-t elated disoiders of prolifer- 
ation. Chronic unopposed esuogen exposure, roost commonly asso- 
ciated with type II ovulatory disoidejs, eventually leads to the devel- 
opment of complex endometrial hyperplasia and adenocarcinoma. 
Since the sex steroids, esitogen and progesterone, act on Ihcit targe! 
tissues by jegulating the cxpiession of a wide vaiiety of signaling 
molecules, identifying these tegulatory factors will piovjde critical 
information towards undeistanding normal reproduction aDd te'pro- 
duciive uacl pathology. Out cunent knowledge of esuogen and pro- 
gesterone action on the leptoductive tract is based to a gteat extent on 
information collected from lodems (2). Alihough diffetences exist 
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between the reproductive physiology of rodents aDd humans, tb c 
mouse bas beeD a useful model foi studying steroid hormone action in 
the human female reproductive tract (3, 4). One potential regulatory 
molecule shown to be regulated by estrogen in the mouse reproduciive 
tract is lactoferrin- Lactoferrin is a basic glycoprotein with an extraor- 
dinarily high affinity for iron that was origirjally discovered in miH. 
This protein is expressed id a wide variety of tissues, roost notably in 
polymorphonuclear leukocytes and roost mammalian exocrine glan- 
dular secretions. In the mammary gland (5) and ibe female reproduc- 
tive tract of the mouse (6-8), laclofemn is regulated by endocrine 
hormones. Prolactin stimulates laclofemn synthesis in the breast; 
whereas in the uterus and vagina, the ovarian seot steroid, 17p- 
estradio), is the inducer. {6, 7, 9). To dale, lactoferrin is one of the few 
genes that have been identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ERE 1 that is important 
for. regulating its expression in vivo in 'the mouse reproductive trad. 
Being linked lo estradiol, the expression of lactofenin by the uterine 
epilhclium parallels the onset of DNA synthesis. Although sequencing 
information suggests that the human lactoferrin gene also contains a 
functional imperfect ERE in the 5'-jlanimg promoter region (10, 1 IX 
there is very little data rcgatdiDg Jacloferrin expression in the human 
female reproductive tract. 

The purpose of our sludy was to examine the expression of lacto- 
ferrin in the human endometrium under normal and pathological 
conditions by irnmunohistocheinistry, immunoblotling, and Northern 
and in situ RNA hybridization techniques. In addition, we looked for 
correlations between lactoferrin cxptession and several parameters, 
such as Ibe siage of ihe rocDStTual cycle, the distribution of estrogen 
and ptogesierone rectplots, HER-Z/neu expression, markers of cell 
proliferation, aDd the hislopalhologica] grade and extent of myome- 
trial invasion in ibe adenocarcinomas. Our data demonstrates that 
lactoferrin is expiessed in a very restricted number of glands in the 
basal region of normal human endometrium and is markedly overex- 
ptessed in a significant number of the uterine adenocarcinomas by 
PR-negative cells. 



MATERIALS AND METHODS 

Tissue Preparation D»d Histological Evaiualion. Surgical pathology 
specimens were obtained from Duke University Medical Center (Durham, NQ 
and ibe Dcpajlmcnt of Pathology al Monbea] GcDejal Hospital (Quebec. 
Montreal, Canada). Cycling eodcrDeuium was obtained horn 22 women (ages 
31-49), and auopbic endometrium was obtained bom 7 postmenopausal 
women (ages 64-77). Hysterectomies from cycling women were performed 
foj subscrosa) leiomyomas (n = 6), pelvic tc)3xalion (n = B), pelvic pain 
(n = 4), peritoneal endometriosis (n = 2), apd cancer of either the exocervix 
(n = )) or the ovary (n = J). In addition, 12 adenocarcinomas, 3 atypical 
complex hyperplasias, 5 complex hyperplasias without atypia, and 4 simple 
hypciplasics were analyzed. Each human uterus W 2S bivalved sbordy aftet 
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hysterectomy, and endomehram was removed from (be funda] icgion. A foil 
thickness biopsy was placed inlo cither 10% neutral-buffered formalin or 
Bouin's solution overnight al room temperature befoie dehydration, paraffin 
embedding, and sectioning at 4 fun on silanized slides. Histological evalua- 
tions of hematoxylin and eosin-slained slides were performed blindly by one 
board-certified pathologist. Normal endometrial samples were dated by the 
criteria of Hoyes er oL (12). Endometrial hyperplasias and carcinomas were 
classified according to the current recommendations, of the International. 
Society of Gynecological Pathologists under the auspices of WHO (13). 
Histological grading of tumors was performed according 10 Federation Inter- 
nationale des Gynecologistes et Obstctristes criteria (14). Each specimen was 
,tad a minimum of thiec times, and only specimens that were read consistently 
ihe same way were included ii> the study. Unstained sections of the same 
tissues were used ioi the cylochemica] analysis of pjotein and mRNA expres- 
sion using specific reagents. A few endometrial samples were frozen for 
subsequent piotein and RNA exnnciion, which were evaluated by Western and 
Northern blotting, icspectivcly. All human tissues were handled with the 
precautions and Ibe guidelines required by Duke University and National 
Institute of Environmental Health Sciences. 

Immunolocnlizab'on. Slides chosen for study woe depajaffinized and 
rinsed io 20% glacial acetic acid at 4"Cfoi 15 s lo inhibit endogenous alkaline 
phosphatase. All subsequent incubations and washes wcic at jooro lempera- 
ture. Sections were next equilibrated in PBS for 20 min and incubated foi 20 
rain with 1.5% normal goat scrum diluied in PBS to block nonspecific binding. 
Detection of lactofenin was performed primarily with a tabbit anti-human 
lactoferrin polyclonal antiseia generated in out labotatory and affinity purified. 
Similai icsullswtie also seen with a nonaffinily-putified commeicia] antiseia 
(Biogenex, San Ramon, Ca). Following incubation at loom lcmperaruie witb 
primary antiscra for 60 min, Ibe sections were washed in PBS twice foi 30 min 
each, and lactoferrin was localized using an alkaline phosphatase-biotin- 
suepiavidin detection system (Vectasiain ABC-AP kit: Vectot Laboratories, 
Burlingamc. CA; or the Super Sensitive Detection System: Biogenex, San 
Ramon, CA). To identify nonspecific staining, prcimmune rabbit serum was 
used in place of the primary antibody. The immunoreaction was quantitBted by 
determining the percentage of glands and Ibe percentage of cells staining for 
lactolenin in the 20n» basalis and the 30na funclionalis, with a minimum of 
300 cells counted in each region. PR amjfcody was ptovided by Geoffrey 
Greene (KD66), and- a commercial source was also used (Biogenex, San 
Ramon. CA). Identical staining patterns were confirmed with both prepaia- 
lions. Other commercially obtained anlisera include PCNA (Biogenex, San 
Ramon, CA), ER (FJUD5; AMAC, Wcsibrook, Ma), M1B-1 (AMAC), and 
HER-2/neu (Biogenex, San Ramon, CA). The primary anu'scra incubations 
were 2 b foi the PR, 1 b for PCNA, M1B-I. and ER, and 30 min for 
lIER-2meu. Antiseia dilutions were ):)00 Jor M1B-1 and 1:20 lor HER-2Aieu. 
Antigen reuicval (Biogenex, San Ramon, CA) was performed before adding 
the pjogestejone primary antiseia. 

Western Blot Analysis. Proteins were exnacied born endometrial biopsies 
by bomogenization on ice in J% Trilbn-X and 20 dim Tris-HO (pH 7.4) with 
piolcast inlubitois (10 >ig/m) Icupcplin, 200 KU/ml apiounin. and 20 jig/ml 
phenylracibylsulfonyl Ouoride) and clarified by ceniiifugalion al 45,000 rpm 
for 30 min in a Beckman 70.1 Ti iolca: then the supernatant was analyzed lor 
protein concentration by ibe BCA poltin assay (Pierce, Rockfoid, IL). Ali- 
quots of 200 /ig were separated by electrophoresis on an 8 -5% SDS polyac- 
lylamide gel, blotted onto niiroceUuIosc membranes, incubated with poly- 
clonal rabbit anlihumail Iscioleirin iintisera, and localized with an ,3! l-bbelcd 
donkey anri-iabbil immunoglobulin, 6! described previously (7). 

In 5im Hybridization. All slides were prclrcated with 0.2 N HO foi 50 
nun at room icmpeiBrure, digested with 1 pe/ml pioleinasc-K (Sigma Chcin- 
ieai Co... St. Louis. MO) m 0.1 M Tiis-KCI \pn 7.4VO.05 m EDTA 'or 1 5 mir. 
at 37'C, and then Healed witb 0.1 M irieibanolanuue-0-25% aceiic anhydride 
lor 5 min at. room temperature and 0.1 M Tris-glycinc (pH 7.4) (oi 30 min al 
loom leniperalwc. The sections wcie subsequendy dehydrated with graded 
ethauol. air dried, and piebybiidizcd ai 50"C foi 1 li in 2 X SSC 10 dim DTT, 
5 X Drnhajdi'; solution, 100 (if/ml ol both salmon spciro DNA and yeast 
'KNA. and 505i fprmamidc (15). The slides were tben hybridized ovcmigbi al 
in die same medium wiib 10% dcxlran sulfate and 2X10" cpiiu'/i! of tbe 
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ipfcifu: RNA probe. The Iscioferrin oligonucleotide probe was amplified by 
PCR nring piiineis that spanned nucleosides 718-1654 (10) and cloned inlo 
pOEM-JZ. "S labeled sense and anusensc RNA piobes weie made wiib Ihe 



Promega Riboprobe kit (Promega, Madison, Wi). washed twice in 1 X SSC foi 
10 mm ai room temperature, digested witb Rlfee (Z8 iig/ml RNase-A, 03 
ug/ml RWasc-Tl, 10 mM Tris-HO (pH 7.4), and 15 mM NaOJ, awl *as^ 
again with 1 X SSC twice for 20 min each time at 50*C, twice for 20 m 
OJ X SSC al 55'C. and once for 20 min al 60*C Tbe sections were then 
dehydrated and dipped in Kodak autoradiogtapnk emotion (NTB-2) for 
detection of specific mRNA expression. The slides were allowed to develop for 
2 weeks. After this period, tbe slides were developed using Kodak T>19 
developer and Kodak Rapid Fixer. 

Northern RNA Analysis. Total cellular RNA was purified from frozen 
tissue by the guam'dinc isothiocyanale-cesium chloride method, and polyf.A'J- 
RNA was isolated by o)igo(dT>cel)u)o5e chromatography using methods 
described pieviously (1J> For Northern blot analysis, poly(A*>RNAwas 
resolved by electrophoresis on 13* formaldehyde agarose gels, stained with 
etbidium bromide, and transferred lo a nylon membrane. Tbe membrane was 
probed with a "P-labeled lactofenin cDNA derived from human uterus (nu- 
cleotides 718-1654; accession no. S52659) using PCR techniques, followed 
bv cloning into pGEM~»Z (Promega, Madison, WI). In order to insure that the 
quality and quantity of RNA analyzed by Noilheni blotting was equivalent 
between control and Heated groups, the blot was probed simultaneously for 
. g]yceialdchyde-3-pbosphate dehydrogenase. 
. Statistical Analysis. Values are presented as means ± SD. Differences 
between the zona basalis and funclionalis we tested by the Iwo-taDed 
Student's i tcsL • 

RESULTS 

Immunohistocbemical Analysis of Lactoferrin Protein 

Norma) Cycling Endometrium. Imrnunqhistochemical studies of 
normal cycling human endometrium localize lactoferrin protein pre- 
dominantly lo ibe glandular epithelium deep in the zona basalis and 
not to the funclionalis (Fig. W). Tbe association of lactoferrin protein 
expression with' the zona basalis is statistically significant. (P < 0.001; 
Fig. 2). Two to 56% of the glands express lactofenin al any given time 
dming the menstrual cycle. Within positive glands, lactoferrin protein 
iromunolocalizalion is heterogeneous in that positively staining epi- 
thelial cells are intcispcrsed with cellls negative for lactoferrin expres- 
sion. Mo appatenl differences in morphology, PCNA, ER, or PR 
exptession are seen to account for the heteiogcneous pattern of inua- 
and intctgland lactoferrin expression in normal endometrium. Similar 
to our previous findings in mouse uleriDC epithelial cells, the positive- 
staining glandular cells of the human endometrium demonstrate two 
distinct irnrounostaining patterns for lactoferrin, cytoplasmic and nu- 
clear (Tig. W), seen with both formalin and Bouin's fixation. In 
evaluating the tempoia) expression of lactoferrin, there is a trend 
towards more glands expressing lactoferrin during the secietory 
phase. Because ol the large variance, Ibe trend is not statistically 
significant. As expected, the polyrooiphonuclear leukocytes in the 
endometrium also stain intensely for lactofenin piotein, which is 
stored in Lbeii secondary giamiles (Fig. 3). These lesults demonstrate, 
foi the first time, that laciofeirio piotein is expicssed in tbe human 
endometrium piedominatcly by polymorphonucleat leukocytes and 
epithelial cells of glands located deep in tbe zona basalis. 

Proliferative Endometrial Disorders: Hyperplasias and Adeno- 
carcinomas, lmmunohistochemistry icveals thai die exptession of 
ianrifrriD P ;r-lrSr, j? morjtswJ io 66.6% (S of 22) nf Ibe eDdomcwal 
adenocaicinomas examined. In one-half ol these cases (4 of 12), 
lactoferrin is intensely expressed by malignant epithelial cells 
ihiougboui the entijc tumots (Fig. 4). The othci foul adenocarcinomas 
demonstrate increased staining lor lactofenin in conccntiated icgions 
ol lite tumots. In all eight cases wheie lactofenin expression^ 
elevated, the cells expiessing lactofcirin have one similarity 'witb 
normal positive glands in that they demonstrate hcteiogeneoos stain- 
ing of inteispersed positive and negative cells. However, the exptes- 
sion ol iaciofenin by the malignant cells clca.-ly differs from normal 
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Fig. J. Localization of laaotcrrin protein in normal cycling endometrium by imson- 
norrisiocnemisny using » specific polyclonal antibody. Ovu analysts reveals lhal laclctf- 
crrio pToltin is prcscnl'in a limited number of glands locaicd in the zona basalts of Iht 
endomcoittro tAX * 10- Also, note lhal laclofcrriD is bctctoccncous within positive 
glands, if., alls staining for laclofenin ate interspersed with negative-staining epithelial 
cells throughout the stand. Two immunohiMochcmica! staining patients arc noted lot 
iacioftrrin in normal uterine epithelium. In one pattern, lacloferrin protein is immunolo- 
calizcd primarily over the cytoplasm (BJ), and in the other, the staining is seen over the 
nuelcns (57); X 40. 

positive glands in lhal ibe Jactoferrin is not limiied lo the basal regions 
of ibe tumors, many more cells are positive, and tbe relative intensity 
of the sLaining over individuals cells is increased. Although incieased 
Jactofenin expression is associated with malignant transformation, we 
do not find a correlation between jactofenin pioleih presence and tbe 
stage, nuclear, giade, Federation Internationale des Gynecologists el 
Obstetrisies grade, or tbe depth of myomerrial invasion in ibe ]2 
tumors studied (Tabic J). In sharp contrast to tbe common dysregu- 
laiion of lactofeirin expression found id ihe majignanl endometrium, 
only J ol 10 endometrial hyperplasia specimens evaluated contained 
an incieased numbei of cells staining ioi lacloferrin. The hyperplastic 
specimen ovcrexptessing lacloferrin was icad as complex- without 
atypia. 

In SUu and Northern Analyses of Lacloferrin mRNA 
Expression in Normal and Malignant Endometrium 

To further our understanding of the location of lactofcnin protein 
synthesis in the human endometrium, we examined lactofcnin mRNA 
expression by in siiu and Northern hybridization using specific 33 S- 
labeled piobes foi human lacloferrin. No delectable RNA hybridiza- 
tion is observed in the normal endometrium by in siiu hybridization, 
■even in the presence of iromunodetectable protein, usin£ equivalent 
hybridization conditions and development limes as used for the ade- 
nocatcinomas. Consistent with the tesults obtained by in siiu bvbiid- 
izalion. long exposure times wcie. required lo demonstrate -lacloferrin 
mRNA in noitnal endotut-ttium by Noitbtto blot using polv(A~*)- 
iiiUNa. This indicates that lacloferrin mRNA is piesem in notrna) 

1) 



tissue but id very low levels, consistent with tbe very limited pattern 
of protein expression in normal endometrium. Equivalent RNA load- 
ing and quality for each specimen was demonstrated by etbidiuro 
bromide staining of the RNA gels (data not shown) and by probing foi 
the housekeeping gene glyceraldebyde-3-phosphaIe dehydrogenase 
. that does not fluctuate significantly with the metabolic state of the 
lissue. A representative Northern Wot is shown in fig. 5. in situ 
hybridization with several adenocarcinomas reveals that there is a 
direct correlation between the localization of Jactoferrin mRNA and ; 
tbe irrirnunostabiing of expressed Jactoferrin protein (Fig. 4). Lactof- 
errin mRNA is not associated with polymorphonuclear leukocytes by 
in sini hybridization in either normal or malignant tissue. - 

Western Blot Analysis 

To confirm the specificity of the antisera that we used fox iinmu- 
noAistoxftcroistry, we performed 1 Western Wot analysis on proteins 
extracted from both normal and malignant endometrium which were 
separated by 8.5% SDS-polyacryJamide gel electrophoresis (Fig. 6). 
Immunoblotling identified a single broad protein band with a molec- 
ular weight between 70,000- 80,000 in both norma] and neoplastic 
endometrial tissue homogenales, consistent with tbe reported molec- 
ular weight of human lactofenirj. Supporting the inrrounc^octeroi- 
caJ analysis, a representative irrimunoblot clearly demonstrates that 
tbe proportion of protein that is lacloferrin is markedly increased in 
tbe adenocarcinomas in comparison to the normal endometrium. Tbe 
molecular weight of laaoferrin in the adenocarcinomas appears to 
have a slightly higher molecular weight that the predominant form in 
normal lissue. 
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Proliferative Late Secretory 

Fig. 2. Percentage of endometrial rtantls ejipiessing laciojerrin ptotein by imotuto- 
histochemistry. Sicniftcanlly ntoie "iandj ate positive in the tepon ol the aoDa basal* 1 
than in the aona iunctionaus ol the cndofnciihtrii \P < 0.001). Zctna basalis, H; zona 
luncito*»alia, ES Although their is a ucott towaids snofc ol the basalis elands expre-vm£ 
tactejerrin in the scotiory pliasr (tirln B tomparcd with rlir left this was nDI 
siatisitcjlly significant. 
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Fig. 3. PolvrDorprtonuclcaV lcwkocylcs (o/rc/H-j) arc scattered througboul Ihe cndomc- 
Dium and Main intensely lot lacio/errin. Laciofenin is > known rornponenl oi Ihc 
secondary gianulcs in poljirjOTphonuclcti IcuKocytcs. He presence o) a segmented 
nucleus and l.ooftmn protein ij in excellent method (01 idenlitjinj ibis group o! 
bflacnmarorj cells. A. X 20. B. > 60. 



Correlation of Lactoferrin Expression with Ibe Expression of 
PCNA, Ki-67, HER-2/nru, EB, and PR 

In an attempt lo characterize the phenolype of endometrial cells 
which express lactoferrin, we performed irnrounohistocbemistjy on 
serial sections for Ibe Ki-67 antigen, PCNA, HER-2/nru, Jactoferrin, 
ER, and PR. In normal tissue, Ki-67 and PCNA expression ate cell 
cycle-specific markers of cell pioliferaiion (]6, 17). Upon analysis of 
normal cycling endometrium, D o relationship between lncioferrin pro- 
tein expression and ER, PR, or Ki-67 expiession was observed. 
Similarly, in roost of the adenocarcinomas evaluated, no relationship 
~as noted between lacioferrin and PCNA protein expression. How- 
' v ei, in one adenocarcinoma (Fig. 7), there was a clear inverse 
relationship seen between Jactoferrin and PCNA localisation, which 
w as present throughout the entire tumor. Most dramatic, however, was 
• striking inverse conelation seen between lacioferrin and PR expres- 
sion in 8 of 8 PR-positive uterine adenocarcinomas (rig. 7). Two 
lurnors negative for. PR also did not express lacioferrin. Although an 
inverse correlation was also suggested with HER-Z'nev and PR, (he 
inverse conelation was more precise with lacioferrin in ihcsc lurnois. 

DISCUSSION 

In the mouse uterus, laciofenin is an csitoprn-induoed uterine 
«creiory pioicin that is picscm throughout ilir rpiihclium (7), and it 



is expressed concomitantly with epithelial cell proliferation. In con- 
trast to lactofenin's ubiquitous expression in the estrogenized mouse 
uterine epithelium, lactofenin protein is limited to glandular epitbeb'a) 
cells in the basal regions of normal burn an endometrium and usually 
to glands that were directly adjacent to the rmyometriurn (ic, the 
deepest glands of the zona basalis). This regional localization of 
lacioferrin . expression is not surprising in that other biochemical 
. parameters have been reported to show site speoficily in primate 
endometrium. These parameters include the proliferative index and 
the expression of the secretory component of IgA (18). Similar lo our 
observations in ihe endometrium, lactoferrin is also expressed region- 
ally in the mammary gland. In bovine breast tissue, lactoferrin is 
localized primarily to the basal alveolar cells (19); whereas in human 
breast tissue, Ihe ductal epithelium appears to be the primary source of 
secreted laciofenin during Jactation (20). 

Examining the endometrium on different days of the menstrua] 
cycle demonstrates a liend towards increased lactoferrin expression 
during the luteal phase. Although this data is not stan'sn'cally signif- 
icant, the cyclic variation may be biologically jelevant Kim et ol (21) 
recently reported that the basal endometrial epithelial cells are unique 
because they proliferate during the postovulatory luteal phase. Inter- 
estingly, in the mouse uterus, there is a direct correlation between 
laciofenin expression and epithelial cell proliferation (6). Therefore, 
lacioferrin may have a similar role in the human and mouse endorne- 
Irium. If laciofenin expression is. cyclic, the ERE in the 5'-flankirrg 
promoter region of the human lactoferrin gene may be activated 
during the luteal phase (10, 11). 

Another similarity between human and mouse uterine lactoferrin 
expression is Ihe observation of two irnmunobisiochemical staining 
patterns. In one pattern, the antisera binds primarily over the cyto- 
plasm, and in the other, the nucleus is the primary site of localization. 
Although this could represent a fixation artifact, we have now ob- 
served this pattern in two species and under different fixation condi- 
tions. It has been demonstrated lbat signaling peptides, i.e.. platelet- 
derived growth factor (22). lnl-2 (23), and probasin (24), can be 
selectively directed into the nucleus, cytoplasm, or secreted. It is 
believed that this differential processing may allow proteins to have 
intracrine, autocrine, and paracrine roles, depending on Ihe physio- 
logical stale of the cell. The two localization patterns observed suggest 
that lacioferrin might have signaling sequences that direct the final 
destination of the mature peptide. 

In normal endometrium, lactoferrin mRNA is present but in very 
low levels. Prolonged exposure times are needed lo visualize the 
mRNA band with Northern analysis. Although with in situ hybrid-, 
izarjon the. lactoferrin mRNA signal is easily seen in adenocarcino- 
mas, we failed to localize the laciofenin roRNA in normal endome- 
trium using an equivalent exposure lime. These low levels of mRNA 
in normal endometrium suggest thai the synthesis and degradation of 
laciofenin mRNA is more tightly regulated in normal tissue than in 
the adenocarcinomas. Because of the low levels of message in norma] 
tissue, we are unable at this lime to definitively conclude that lacio- 
fenin mRNA is synthesized by die same epithelial cells which express 
the protein. 

In endometrial adenocarcinomas, malignant transformation of the 
endometrium is associated with the up-regu)aiion of laciofenin 
mRNA and protein biosynthesis. The op-regulation at Ihe RNA level 
is demonstrated by an increase in steady-state RNA levels using both 
in situ hybridization and Northern analysis techniques. In these can- 
cers, we also observe an increase in ibe number of lacioferrin-positive 
cells, which express both ihe protein 3nd mRNA. In this study, 8 of 
Ihr 12 adenocarcinomas evaluated overexprcss lacioferrin, compared 
with only 1 of 10 hyperplastic specimens. The form of lacroferrin 
pioiein extracted lionj endometrial adenocarcinomas appeals to have 
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Fig. 4. Colocalization of lactoferrin protein (Ufi panels) and 
mRNA {right poneW) in a normal proliferative endometrium and 
endometrial BdcnocardcDmas by performing irnrnunohisrochcjnts- 
try and in Jito RKA hybridization on serial sections. Dual analysis 
of protein and mRfM expression reveals thai glands m normal 
CDdoxnclrium do Dot have delectable mRKA, as measured by m tim 
hybrioSzatkrn (rep paruLr, X 40), whereas analysis of the adeno- 
carcinomas clearly dejooris traits a direct correlation between pro- Carcinoma 1 
tern and RNA expression for hctoferrin (piiddlt and bottom panelr, 
X 10). Note thai betofemn protein and mRNA is dtstribuieo* in a 
heterogeneous palters in the epithelial cells of tbe adenocarcinomas. 
Ai 15 shown in fig. 1, » heterogeneous staining pattern for lactnf- 
errin protein is also seen frequently fn normal endometrium. 
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a slightly higher molecular weigh! than ihc protein present in norma] 
tissue. This could be due lo alterations in the processing of the 
laciofenin mKNA, protein, or £lycosylation by. tbe malignant cells. 
Alternatively, there could be minor differences between lactoferrin 
■ protein which is present in neutrophils DDd the form synthesized by 
uterine epithelial cells. "We suggest two hypotheses to explain lactof- 
errin ovei expression in endometrial adenocarcinomas. In tbe first 
hypothesis, lactoferrin biosynthesis is deregulated by the same pio- 
c esses thai Jcad to the malignant transformation of endometrium. If 
this hypothesis, is true then lactoferrin may be a useful marker for 
endometrial adenocarcinoma investigation, and further research is 
needed to determine whether laciofenin plays a contributing role in 
ibe malignant transformation, A second hypothesis is thai laciofemn- 
positive human endometrial adenocarcinomas evolve from tbe clonal 
expansion of cells residing in ibe regenerative zone (zona basaJis) of 
normal endometrium. It is interesting to speculate that lactoferrin 
expression in endometrial cancer may be linked to estrogen action in 
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some way, since proliferative disorders of human endometrium art 
Jinked to chroDic estrogen exposure over several years and sequencing 
daia suggests that the promoter for the human lactoferrin gene does 
contain an ERE. 

Although the function of laciofenin is unknown, a variety of 
biological roles have been proposed for lactoferrin which could link 
Lhis protein to a role in cancer, including the regulation of DNA 
synthesis (25-29), modulation of the immune response (25, 30, 3J), 
and iron transport (32). Some forms of laciofenin arejeported to have 
RNasc activity (33, 34). Secreted RNases arc involved in develop- 
ment, reproductive function, neoplasia, angiogeDesis, and immune 
suppression. (35, 36) If angiogeDesis and immunosuppression arc 
components of Jaaoferrin RNasc activity, these properties could pro- 
mote lumor growth. 

In the endometrial adenocarcinomas, wc observed a heterogeneous 
expression pattern for laciofenin, PCNA, Her-2/neu, ER, and PR. 
With regard to prognosis, patient survival is reportedly worse when | 
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Table 3 Correlation of loaqftrrin arid PR expression ii: hutnnn rnJomrtrioJ odrnofarc inomaj 
An invcix correlation indicates that lacioJcrrin and pjocesteronc woe not cjprtssed in Die same rrcions of the iwnwi hy m,munohis.oche'm>caI rnalyris. PR w»s deiccJcd with the 
antiscra KD6S. and tacloferrin wis dntcitd by a specific polyclonal ambeaa. 
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Fig. 5. Northern jwlyjis ol bclofrijin mJINA tjpicssioii co»frnij ihsl tndorotlra) 
idcnocuciDOTD.s {Una 3 and 4) sijliftantly ovooejW the 2 J-kilobast transcript erf 
human >>ctoIemn i> comp«is£n> to noroil cndoroeiriuin {Lona J »nd 2). Tbt Nonhcra 
hvtuidizibon dan supports die in sint RKA ttsults «nd confirms thai Jftcio/cXTin RNA 
expression is dysicsulJKd in oltrine adtnocaKinomas. Noma) uterine tissues appear >t> 
contain. Jo" slody-siatt RNA leveJs ol lactojcrrin, tcOectinj » conliolltd partrro of 
protein cipreisioo. Equivalent KNA loading and .quality loi each specimen was donoo- 
suaiej by cihidi'om bioroidt staioinj of the RNA gels (data not shown) am) by probing for 
• housekeeping gent (grjceraldehyde-3-phospriale dehydrogenase) loot docs not Dncnjalt 
significantly with ibe metabolic state of ibe tissue. 



lACTOFEKKW DVSREGVLATIOH IN ENDOMCTRIAI. CANCER ■ 

endometrial acknocarrinomas Jose sex steroid receptors (37, 38), have 
a higher proliferative index (39), and demonstrate DNA aneuploidy. 
During the tumor progression of endometrial adenocarcinomas, it 
appears thai the loss of steroid hormone receptors occurs earlier than 
either the increase in proliferation rate or the development of DNA 
aneuploidy (40). Id our study, we note a striking inverse correlation 
between the expression of lacloferrin and PR in the endometrial 
adenocarcinomas. An inverse relationship also has been described for 
HER-Vneu and PR to endometrial adenocarcinomas that correlates 
with patient prognosis. Furthermore, in cancers of the human endo- 
metrium, ovary and breast Ba-2/neu expression has been associated 
with advanced disease and poor survival (41-43). HERr2/neu is an 
oncogene that shares sequence homology with the epidermal growth 
factor receptor and is speculated to contribute to aberrant growth. Of 
note is that lacloferrin biosynthesis in the mouse uterus is associated 
with the expression of the' epidermal growth factor. Lile HER-2/neu, 
the epidermal growth factor receptor is also frequently overexpressed 
in PR-negative cells of endometrial adenocarcinomas (44). The am- 
plification of growth factor receptor expression in PR-negative endo- 
metrial adenocarcinomas may be associated with the acquisition of 
growth autonomy and hormone independence, which may contribute 
to the poorer prognosis of PR-negative endometrial carcinomas (45). 
Some endometrial adenocarcinomas, including recurrent tumors, can 
be treated successfully with progesterone therapy (46, 47). Although 
the significance of the inverse relationship between lacloferrin and PR 
expression is not known, we speculate that the PR-negative cells do 
not undergo ibe normal growth inhibition and secretory differentiation 
normally associated with progesterone action. 

A survey of human tissues reveals that lacloferrin is expressed by 
most normal mammalian exocrine glands and may be a prognostic 
maiker in tumors (20). Lacloferrin is found in normal ductule breast 
epithelium and in primary breast carcinomas. In breast tumors, there 
is an inverse correlation between lacloferrin and ERs (20). Notably, 
Jactofenin expression in breast cancer may fall into the same category 



A. Immunoblot 



B. Coomassie Blue 
Protein Staining 



Fig. 6. WtMiru blot analysis using an antiserum 
specific lot human lac'o/crrin ww performed on 
proteins extracted ho id norroaJand mili&nim cd- 
domciriuin and srpaiaitd by SDS-polyacxylamidc 
fcl elccuoplicutsis. A broad protein band with a 
molecular weight rxtwten 70,000 and 30.000 is 
delected in boih normal and neoplastic endometrial 
• tissue 'honWf rnaitss consistent wWi die rcponcd 
moicculai wei^hl ol human laciofcrrjn (A). Tbe 
moil significant observation from iht immunobJoi* 
tin{ studies is dial lacioIemD ptotcb; is markedly 
ckvaifrf in ibe acenocaKinornas, >n comparison lo 
normal endometrium, wbicn supports ibt immvso- 
fyiocheiniciJ analysis dist drrooosiratEs i •itatei 
number of cells positive jot lactofenin protein in 
*bt uitrinc tumors. B. ibt relative zmount ol pioiein 
loaded in uth lane by Cocrnauic blue jiaiiwn*. 



MW 

markers 



97.4 

Lacloferrin - 



68 



CM 


-cj- 






rd 


nt 


E 


• E 


o 


o 


c 


c 


o 


"o 




1 


rd 


ft) 


O 


o 


o 


o 


c 


c 


CD 


Q) 






< 


< 



CD 

> 

at 
~o 



o 
a> 

o 
a> 
W 




MW 

markers 



97.4 



68 



rd 

E 
o 



o 
o 
tz 
w 
x> 
< 



TO. 

E 
o 

o 

CO 

o 
o 
c 

CD 
"D 
< 



CD 
> 

■ 

a> 

~o 
Dl 



i 

o 

CD 
i — 
O 
CD 

LO 




ins 



Fig. 7. ConcliUOB of laclofcnin protein rajrrts- 
jioB ->vjlh Ibc PCNA, ! marker of proMcralian, and 
PR »s measured by irnrrrunohrstochemistry per- 
formed on serial section* X 20. In most rasa, no 
relationship between laitofcrrin and FCNA expres- 
sion is lound i» either normal CO maligna* endo- 
metrium (data ool shown). However, in 1 of 13 
adenocarcinomas, an invent nrnclarion a seen 
between bnoJcrrin (A) Bid POM (B) localua- 
fion. This sinking pattern vas consisted through- 
out the entire tumor, suggests ihe possrbilily of 
eel) cycle legulation of lacioferrin wprcssjon l» 
Ibis adeoocaicinoraa. Toe boaompanrh exhibit an 
inverse corre)»lion between Uctoforin (C) and PR 
ejetatssion (D), which was seen in all tight endo- 
: mclriaf adenocarcinomas which caprfsscd PR. 



lAcrrarnsm dysxeguiatiom b» emdometmal camce* 
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PCNA 
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as ibe other mailceis foi ER-negalive tumors, such as amplification of 
EGF tecepior, HER-Z'neu, and transforming growl! faclor a expres- 
sion, which are associated with pooi prognosis. Jd gastric carcinomas, 
lacioferrin expression is associated with transformation of specific 
cell types including intestinal-type carcirjomas, adenomas, and incom- 
plete intestinal metaplasias (28). Although this is complete specula- 
tion at ihis time, perhaps lacioferrin ovetcxpiession in the various 
malignancies may complement ibc actions ol the growth factor palb- 
.way molecules and connibute to the autonomous giowth of these 
mmots. 

In conclusion, our studies icvea) that lacioferrin is. associated 
with a unique population of epithelial cells in ibe zona basalis and 
thai lacioferrin overexpiessioD may be associated with malignant 
tiansfoimation of ihe human e D doroenium. Further studies aie 
needed to elucidate the role of lacioferrin in normal and patholog- 
ical endometrial physiology. 
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449: Cancer Res. 1994 Jan 15;54(2):560-4. . Related Articles. Links 

Cell proliferation in human soft tissue tumors correlates with platelet- 
derived growth factor B chain expression: an immunohistochemical and in 
situ hybridization study. 

Wang J, Coltrera MP , Gown AIM . 

Department of Pathology, University of Washington, Seattle 98 195. 

The authors tested the hypothesis that the B chain of the platelet-derived growth factor 
(PDGF), a known connective tissue mitogen and growth factor, could be expressed by 
human soft tissue tumors/and that its expression could play a role in the control of cell 
proliferation in these tumors. Using a set of 56 soft tissue tumors, including benign 
tumors and all three grades of sarcomas, PDGF-B chain protein was localized using 
unmunohistochemistry and PDGF-B mRNA was localized using in situ hybridization 
The hypothesis that PDGF-B expression was related to cell proliferation was tested by 
simultaneously demonstrating the expression of the proliferating cell nuclear antigen in 
sequential tissue sections of the same tumors. Sixty and 82% of tumors had demonstrable 
PDGF-B mRNA and protein, respectively, with a strong correlation between their 

J^S S t>° f eXpression ^ = 0 0001 >- Amon S the sarcomas, a strong correlation between 

D(jb - B expression and increasing malignant tumor grade (P = 0.006), and between 
PDGF-B expression and increasing proliferating cell nuclear antigen index (P = 0.01) 
was found. All tumors were also demonstrated to express' the beta receptor of PDGF via 
immunohistochemistry: These studies suggest that PDGF-B expression may be an 
important mediator of cell proliferation control, via an autocrine mechanism, in human 
soft tissue tumors and may correlate with clinical outcome in the sarcomas. 
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SprinkerLink 

Expression of cadherins and catenins in paired tumor and non-neoplastic 
primary prostate cultures and corresponding prostatectomy specimens. 

ffiHELj, KriHD, Torbenson M, WmsSL BiscegliaM, StonerJ, Thomas A 
DeFlavia P. Dhir R. Becich MJ . " ' 

Department of Pathology, University of Pittsburgh Medical Center, PA, USA. 

Cadherins are a family of transmembrane proteins that play a crucial role in cell 
differentiation, cell migration, and intercellular adhesion. Cadherins are associated with 
catenins through their highly conserved cytoplasmic domain. Down-regulation of E- 
cadhenn protein has been shown in various human cancers. This study examined the 
expression of cadherins and associated catenins at the mRNA level. Paired rumor and 
nonneoplastic primary prostate cultures were obtained from surgical specimens 

p a i V D e ^? ipl , eX fluorescence reverse transcriptase-polymerase chain reaction 
WMh R T-PCR) and quantitative analysis were performed and correlated with 
immunostain results. Six of seven cases of neoplastic cultures showed moderately-to- 
markedly decreased levels of E-cadherin and P-cadherin mRNA. Similar losses of alpha- 
catenm and beta-catenin mRNA were also observed. The results of QMF RT-PCR ' 
showed good correlation with the results of immunohistochemical studies based on 
corresponding formalin-fixed sections, In conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and associated catenins at the mRNA 
and protein level in most of the cases studied. This down-regulation may play an 
important role in the pathogenesis of prostate cancer. 
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Abstract Cadherins are a family of transmembrane 
proteins that play a crucial role in cell differentiation 
cell migration, and intercellular adhesion. Cadherins are 
associated with ca.enins through their highly conserved 
cytoplasmic domain. Down-regulalioh of E-cadherin 
protein has been shown in various human cancers This 
study examined Ihe expression or cadherins and associ- 
ated ca.en.ns at the mRNA level. Paired lumor and non- 
neoplastic primary prostate cultures were obtained from 
surgical specimens. Quantitative multiplex fluorescence 

pt r^r!^ n ^ np,aSe ' polymerase chain rea «''on (QMF 
RT-PCR) amfquantitative analysis were performed and 
correlated with immunostain results. Six of seven cases 
or neoplastic cultures showed moderalely-to-markedly 
decreased levels or E-cadherin and P-cadherin mRNA 
J>im.lar losses or a-calenin and /f-catenin mRNA were 
also observed. The results of QMF RT-PCR showed 
good correlation wi.h .he results or immunohistochem- 
caJ studies based on corresponding formalin-fated sec- 
tions. In conclusion, this paper presents a coordinated 
down-regulation ,n ,he expression or E-cadberi„ and 
associated ca.enins at .he mRNA and protein level in 
most or .he cases s.udied. This down-regula.ion may 
play an important role in the pathogenesis or prostate 
cancer. - 
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Pros ale cancer is the most common malignant tumor 
and .he second leading, cause of cancer death in men 
The chmca course of patients wi.h prostate cancer 
vanes widely, and different factors contribute .o Ms 
marked clinical variability, including genetic back- 
ground, .hormonal environment, and the invasive 

Cu 1 ° f r ,hC , ,Um0r - ,nvasion ^nd metastasis are the 
hallmarks of mahgnancy and have been closely linked lo 
a) erations m cell-to-cell adhesion, cell migration, and. 
imeracuons with extracellular matrix component* [22L 
Cadhenns are a family of transmembrane glycopro- 
tein responsible for main.aining the integrity of tissue 
and are involved in cell differentiation, cell migration, 
and intercellular adhes.on through a calcium-dependent 
™ C . L 3 " 15 "! characterized by homotypic adhesion [35- 
J/J. Their htghly conserved cytoplasmic domains asso- 
ciate wi.h ca.enins, a group of intracellular proteins that 
mediate contact belween the cadherins and (he micro- 
filaments of (he cytoskcleton. Each eddberin subclass 
shows a unique .issue distribution: E-cadherin is pre- 
dominantly expressed in epithelial cells and P-cadherin is 
restricted to decidua tissue and the basal or lower layers 
ol stratified epithelium |30]. 

The accumulating evidence suggests a decrease or loss 
or Ainction in E-cadherin and P-cadherin in several 
human carcinomas [3, 9, 23, 32J. Loss or heterozygosis 
(LOH) a. chromosome 16 in the location or .he E-cad- 
nerin gene is present in a high percentage 0 r prostate 
cancers |6, 2 1 , 26. 28J. Decreased expression of E-cadherin 
is seen in various human malignant tumor cell lines, and 
the level or decrease corrcla.es wi.h the invasive potential 
or .he tumor cell lines [1, 9, 12, 24, 40, 42). In addi.ion 
many but no. all, immunohislochemical studies using 
rormalm-fixed, paraffin-embedded .issue have shown thai 
he E-cadhertn orcein is decreased in pros.a.e cancer and 
the decrease is correlated wi.h lumor grade |4 8 13 27 
JSJ. Other s.udies have shown decreased-lo-absenl 
P-cadherin levels, but variable E-cadherin levels |33J 
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a- and /?-catenins bind the cytoplasmic domain of 
E-eadherin and link ittothecyloske)eton[16,3]]. Down- 
regulation of expression and deletion of a-catenin genes 
were identified in several human cancer cell lines (19, 24, 
42]. lmmunohislochemical studies showed decreased 
ircatenin staining, which correlated well with the loss of 
E : cadherin staining and patient survival [25, 29, 39]. In 
addition, decreased /J-catenin protein expression appears 
to be associated with malignant transformation of epi- 
thelial tissue [34]. These results suggest that cadherins 
and catenins may function as tumor invasion-suppressor 
genes. However, most of these results were obtained in 
studies using transformed tumor cell lines and formalin- 
fixed, paraffin-embedded tissue. To our knowledge, 
no studies to date have examined the co-expression of 
cadherins and catenins at the mRNA level using material 
derived from surgical specimens. 

Recently, we have developed the methodology to 
' cultivate primary epithelial cells under defined condi- 
tions from surgical prostatectomy specimens [20]. Areas 
of both carcinoma and noh-neoplastic tissue are identi- 
fied grossly, verified histologically, and then cultured 
separately, resulting in paired primary cultures of both 
non-neoplastic and neoplastic epithelium from the same 
patient. The non-neoplastic tissue cultures serve as an 
important control of any person-to-person variability in 
the expression of the genes of interest. 

In this study, we investigated the co-expression 
of cadherin and catenin mRNA, from multiple paired 
primary prostate cultures derived from surgical prosta- 
tectomy specimens using quantitative multiplex fluores- 
cence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) (41, 44]. Immunohistochemistry stud- 
ies of cadherins and catenins were performed on the 
corresponding paraffin-embedded prostate tissue. 



Materials and methods 

Tissue specimen and primary prostate cultures 

We studied patients with adenocarcinoma of the prostate who 
underwent prostatectomy at the University of Pittsburgh Medical 
Center during the lime interval January 1995-January 1998. No 
patient had received treatment prior to surgery. Fresh prostatec- 
tomy specimens were sectioned and grossly examined, representa- 
tive samples of neoplastic and non-neoplastic tissue were collected, 
and the diagnoses were confirmed by examination of hematoxylin 
and eosin (H&E) -stained sections. Epithelial cells from tumor and 



non-neoplastic areas of the specimen were isolated and then cul- 
tured with a chemically defined medium. (CDM) without addition 
of growth factors as previously described. Tissue fragments were 
cut into small pieces and underwent a series of collagenous diges- 
tions. Following each digestion, the cells were pelleted by ccnlri- 
fugation at 1,000 rpm for 4 MJN (20). To selectively promote 
epithelial cell growth, the pellets were rcsuspended.and maintained 
in serum-free CDM supplemented with epithelial growth factor 
(EGF) [20). The culture's morphology was examined dairy, and 
epithelial cells were allowed ti> grow until confluence was reached, 
between days 7 and 10. 

Isolation of total RNA and synthesis or cDNA 

Total RNA was extracted from the cultured primary prostate 
epithelial cells at first passage according to the Trizol solution' 
(Gibco BRL, Rockville, MD> modified method or Chomczynski 
and Sacchi 17}. The RNA was then quaDlitatcd spectrophotomet- 
rically. Two micrograms of total RNA were used for first strand 
cDNA synthesis using oligtxlT primers and MMLV reverse tran- 
scriptase (Gibco BRL, Rockville, MD). 

PCR primers and quantitative multiplex fluorescence PCR 

PCR primers for hepalocyte growth factor (HGF) and c-myc 
were synthesized as previously described | ITJ- PCR primers for 
E-cadhcrin, P-cadhcrin, o-calenin, 0-calenin, and /I-aciin cDNA 
were designed according to cDNA sequences provided by the 
GeneBank (WWW2_ncbi.nlm.i;ov/genebank/query). The primers 
were selected to amplify 150-250 bp target genes and the PCR 
products from each target gene were designed to have a different 
size (Table 1). The reverse primers were synthesized with fluores- 
cein molecules covalenlly attached to the 5' end (BRL, Rockville, 
MD).. Twenty-five microliters of PCR reactions for QMF-PCR 
. contained primers (20 uM each), cDNA corresponding to 50 ng or 
total RNA, dNTPs, and reaction buffer. The reactions were am- 
plified for 21 cycles at 94 °C for 1 min, 57 °C for 2 min; and 72 "C 
for 2 min. Five microliters of QMF-PCR reactions were mixed with 
an equal volume of sequencing gel loading buffer, denatured, and 
aliquots were eleclrophoresed on an AB1 373A automated sequencer 
(Applied Biosystems, Foster Cny. CA) using a matrix specific for 
fluorescein (Fig. I A). . 

Automated sequencer gels were run for 6 h at 30 w using 
Genescan software (AB1, Foster City, CA). Lane assignments and 
areas of the peaks corresponding, to fluorescent peaks were assigned 
and quantitatcd by the Genescan software using Pholomultiplicr 
tube (PMT) voltages (Fig. IB). All experiments were done m 
triplicate and the results presented as means and standard devia- 
tions (SD). 



Antibodies and immunohistochemistry 

Five ; micron sections were obtained from formalin-fixed, pa ratlin - 
embedded tissue blocks. They were deparaffinized and hydratcd 
with graduated ethanols. Slides were then microwaved in 1.1 M 



Table I Summary of PCR 
primer sequences and PCR 
products 



Primer 


Sequence 


Target gene 


Size of PCR product (bp) 




Forward cccacactglgcccatclacg 


^-Actin 


170 


2 


Reverse gcttclccltaalgtcacgc 


E-cadherin 


190 


3 


Forward caaagtgggcacagalggtgig 


4 


Reverse clgcllggallccagaaacgg 


P-cadberin 


220 


5 


Forward gcaagagccagclclgtttagc 


6 


Reverse acllgagctgallcagtctclgg 




182 


7 


Forward gatggacaactatgagccagg 


a-Calenin 


8 


Reverse iataccaggcgggaagcatcg 


0-Catenin 


218 


9 


Forward llclgglgccactaccacagc 


10 


Reverse Igcatgccclcalctaalglc 
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220 ly 



E-tad htni> 



170 If. 



Fig. • A Genescan image of 

QMF RT-PCR of five paired 

non-neoplaslic and neoplastic 

primary prostate cultures. 

cDNA corresponding to 50 ng 

of total RNA was subjected to 

21 cycles of PCR, and all 

reactions were done in tripli- 
cate. RNA of both E-cadhcrin 

and P-cadhcrin showed rnodcr- 

ate-to-marked reduction in pri- 
mary neoplastic cultures in four 
. or five cases (Cases I, 2, 4, and 

5). B Representative automated 

sequencer traces (ABJ 373A) 

from 21 cycles of QMF 

RT-PCR using cDNA from a b 

paired non-neoplaslic (lop 

panel) and neoplastic (bollom ■ 

panel) primary prostate cultures 

(Case 2), and copy number of DOO-necplastic 

PCR products (at-actin, 

E-cadherin. and P-cadherin) 

was calculated using peak areas. 

Neoplastic culture showed 

markedly decreased expression 

of both E-cadhcrin and 

P-cadherin 



"» r 



t>»'a' '■ ';•;■■•»=»«•.•• • « a' r , ; . , 



'-. .. ''■••''''''•» 



beta- Actio 
( 171%) 



. E-cadherin 
(l»hp) 



P-cadherin 



neoplastic 



ctratc buffer ( pH 6.0) Tor antigen retrieval. The avidin-biotin 
complex mclhod for immunohi51C!chcmis « utjf^f^ 
Vector Laboratory (Burlingame. Calif. USA). The E*adheT 
P-cadhenn ■r-caten.n, and /t-calcnin antibodies all w ra™' 

S^;% w s e A r rch3 - d t — ^- 

Evaluation of immunosiaining 

The percentage of poshivc cells, intensity of .he staining and cel- 
lular location of the staining were examined by two independent 
observers Bang normal prostate epithelium from the sarnTspec" 
men as an m.erna. control. The intensity of the signal- waTg^ed 
the' m0d " a,C - Wtak - a " d Th < "=ining patfern of 

^^T''^ Wi ' h ,h3 ' ° f n °' m3) 'P'^-iumfrom ,£ 



Resurb ~ ~ 

Expression of E-cadhcrin and P-cadherin 

Since many prostate cancers arc known to be his.olog- 
icaNy heterogeneous, adjacent HAE-s.ained sections 
ol Ihe (issue fragments sent to culture were reviewed 



lo-assess tissue homogeneity and to rule out the presence 
of other diseases. The paired primary cultures for this 
study were selected based on the following histologic 
ieatures: (1) non neoplastic tissue showed no cancerous 

Jr^tw-, t ! l6h ~ grade P ros,a,ic intraepithelial neoplasia 
iniN), (2) neoplastic sections contained less than 5% 
non-cancerous epithelium. Seven out of 38 pairs of 
cultures met ihe selection criteria and were included in 
this study. Histologically, all seven cases were moder- 
ately differentiated adenocarcinomas, with Gleason 
scores ranging from 5 to 7 (median = 6). In six of these 
cases, adjacent sections of tumor contained no benign 
prostate epithelium, and in one case (specimen 4), there 
was less than 5% non-cancerous epithelium. Prostate 
stromal cells express HGF, whereas the epithelial cells 
express c-met, the receptor for HGF [17, 20]. The cases 
included in this study showed no detectable HGF 
expression after 21 cycles of QMF RT-PCR (data not 
shown).. This indicates there was no significant stromal 
CC " C ° n ' am,na,,on ,he CUrrCn ' e P' lnelia > cultures. 

QMF-PCR is an accurate method of measuring the 
relative levels of mRNA in small tissue samples |41). Jn 
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. this study, we used this method to quantitate the mRNA 
levels of E-cadherin and P-cadherin, relative to /?-actin. 
AH the RNA samples contained no DNA contamina- 
tion, as shown by the absence of automated signals when 
. RT was omitted from the RT-PCR reactions. We ob- 
served the expected linear increases in /f-actin, E-cadh- 
erin, and. P-cadherin signal intensities between cycle 
numbers 18 and 24, with a cDNA input corresponding 
to 50 ng of total RNA. The ratios of /?-actin to 
E-cadherin and P-cadherin were constant, as was the 
E-cadherin/P-cadherin ratio. These results indicated that 
the target genes were consistently amplified in the reac- 
tions. Twenty-one cycles of PCR were chosen for all 
subsequent experiments. In addition, the raw sequencer 
quantitation of peak areas for /f-actin using -the same 
cDNA input was similar among the paired primary 
prostate cultures (data not shown). 

When compared with the paired non-neoplastic pri- 
mary cultures and normalized with the /?-actin internal 
controls, four of the neoplastic cultures showed marked 
(>85%) reduction of E-cadherin mRNA levels, with 
• one case showing no detectable E-cadherin mRNA. The 
other three neoplastic cultures showed mild-lo-moderate 
reductions (Table 2). : 

Six of seven neoplastic cultures showed moderately 
lo markedly decreased P-cadherin mRNA levels when 
compared with non-neoplastic cultures. Interestingly, 

Table 2 E-cadherin and P-cadherin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 
tectomy specimens 



Case E-cadherin" Percentage P-cadberin* . Percentage 

'■ — : : loss in lumor k — r 1 loss in tumor" 

.Non-neoplastic Tumor Non-ncoplaslic Tumor 



1 71.0 ± 2.2 ND C 100 65.7 ± 2.0 0.8 ± 0.1 99 

2 27.4 ± 6.4 3.7 ± 0.3 86 53.4 ± 6.5 17.8 ± 1.3 67 

3 18.0 ± 0.2 12.6 ± 1.9 30 88.8 ± 6.5 86.4 ± 9.5 3 

4 93.5 ± 12.0 5.4 ± 0.9 94 87.8 ± 7.0 25.5 ± 2.5 71 

5 41.5 ± 3.0 24.4 ± 4.0 41 30.5 ± 1.4 18.1 ± 2.4 41 

6 56.7 ± 1.1 8.1 ± 1.0 86 71.8 ± 2.9 17.1 ± 2.2 76 

7 53.8 ± 6.1 22.2 ± 0.7 59 62.7 ± 3.5 19.4 ± 2.2 69 



* Level or E-cadherin and P-cadherin are normalized with £-aclin from the same sample: (E-cadherin or P-cadherin)/aclin x 100 
k Percentage loss in tumor primary culture: 1(N - T)/NJ x 100% 
c ND, not detectable 

Table 3 o-Calcnin and 0-calenin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 
tectomy specimens ... 

Case a-catenin" Percentage loss 0-catenin* 

in tumor b . : 

Non-ncoplastic Tumor Non-neoplastic Tumor 



1 45.1 ± 7.1 17.3 ± 0.5 62 19.7 ± 3.6 , ND' 100 

2 49.2 ± 1.6 36.2 ± 4.0 26 21.7 ± 1.5 3.9 ± 0.2 82 

3 48.0 ± 5.9 47.8 ±9.0 < I 40.1 ± 5.3 38.9 ± 6.2 3 

4 61.1 ± 2.5 40.8 ± 2.6 33 36.8 ± 1.8 22.1 ± 1.9 40 

5 58.2 ± 1.8 27.8 ± 1.6 52 29.8 ± 2.0 15.2 ± I.I 49 

6 46.7 ± 4.7 33.6 ± 4.7 28 31.5 ± 4.2 13.5 ± 1.6 57 

7 43.2 ± 2.6 26.4 ± 1.7 39 22.3 ± 1.5 11.6 ± 1.4 48 



* Level of u-calcnin and ^-calenin arc normalized with /1-actin fromlhe same sample: (catenin/acli:n) x 100 

* Percentage loss in tumor primary culture: |(N - T)/N) x 100% 
1 ND, not delectable 



the four cases showing marked reduction in levels of 
E-cadherin mRNA, and also demonstrated significant 
losses of P-cadherin mRNA. The case with do delectable 
E-cadherin mRNA also demonstrated near total loss 
of P-cadherin mRNA (Case 1). Another case (Case 3), 
with only mjld reduction in E-cadherin mRNA, showed 
no significant change in Ptcadherin mRNA. Genetic 
variations among the patients were evident in the 
marked differences in the baseline levels of E-cadherin 
and P-cadherin expression seen in the rion-neoplastic 
primary prostate cultures;. 

Expression of a-catenin and /?-cateniri 

The highly conserved intracytoplasmic domain of 
the cadherins interacts with a- and /f-catenins, with the 
catenins serving as a link between the cadherins and the 
. microfilaments of the cytoskeletori. Six cases of neo- 
plastic cultures showed mild-to-moderate reductions in 
a-catenin mRNA levels,, ranging from 26 to 62%. These 
cases also demonstrated more severe reductions of 
^-catenin mRNA levels and generally con-elated with 
the changes of cadherins in the same specimen (Table 3). 
Interestingly, the case with no significant change of 
P-cadherin mRNA and only a mild loss of E-cadherin 
mRNA also showed no change in mRNA levels of both 



Percentage 
loss in tumor 
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a- and /J-catenins. Moderate inlerspecimcn variation was 
observed in the baseline expression or a-catenin and 
/f-catenin mRNA levels in the non-neoplastic cultures. 

Immunohistochemical studies ofcadherins and calenins 

In benign prostate tissue, E-cadherin was, in all cases 
uniformly localized to the membranes of luminal glan- 
dular epithelial cells, predominantly at cell-cell junctions 
(Fig. 3A). One case of prostate cancer showed complete 
negative staining for E-cadhcrin (Fig. 3B), and the re- 
maining six cases demonstrated reduced immunostaining 
for E-cadherin, with 25-75% of cancer cells positive 
(rig. 3Q. The cancerous glands generally showed re- 
duced signal intensity and an altered heterogeneous 
staining pattern, which included focal cytoplasmic stain- 
ing and reduced membranous staining (Fig. 3C, Table 4) 
Benign prostate tissue, showed uniform basal celi 
immunoreactivily for P-cadherin, with principally cyto- 
plasmic and focal membranous pattern staining. The 

Table 4 Jmmunohislochemical expression 0 r cadherins and calc- 
™liure Pr051alCC,<>my 5rcc ' mem """Ponding lo pri mary prostate 



benign, glandular non-basal epithelial cells and stromal 
cells were negative for P-cadherin (Fig. 3D): P-cadherin 
immunoreactivily was completely absent in two cases of 
prostate cancer (Fig. 3E), and -the remaining five cases 
showed variable focal positivity, which was predomi- 
nantly cytoplasmic (Fig. 3F). This focal P-cadherin 
immunostaining positivity was confirmed by staining 
multiple sections and by using different monoclonal 
antibodies: In some cases, serial sections also appeared 
to show immunostaining for both E- and P-cadherins 
with the same neoplastic cells. 

In all cases of benign prostate tissue, a- and p'-catenin 
protein expression showed strong homogeneous staining 
of the luminal glandular epithelium and the basal cells 
In a pattern similar to lhal of normal E,cadhcrin the a- 
and />-calenins were localized predominately at luminal 
ep.theba) cell-**)!, borders (Fig. 2A, Q. 1„ all cases or 
prostate cancer, there was a mild-to-moderate reduction 
in staining for both catenins with 50-73% or cells 

frTin n d XM S ^ ini " g ' ended '° ** h ««°genec.us 
(rig. 2B, D; Table 4). . - 



Discussion 



Case 


E-cadhcrin 


P-cadhexin 


a-calenin 


/>-calenin 


1 

2 
3 
4 
5 
6 
7 


+ + 
+ + + 
+ 

4 + 4 
+ 4 
+ 4 


4 

4 4 

+ 
4 
4 


4 + 

4 4 
4 4 4 
+ 4 
4 4 4 
4 4 4 
+ 4 


4 4 
4 4 
4 4 4 
4 4 4 
4 4 4 
4 4 4' 
+ 44 



-.Negative; +. < 25 % posi.ivc; 4 4 . 25-50% positive; 4 4 + 
50-75 /. posmve; + + + + , > 75% positive 



^E- 2A-D Immunohistochemi- 
cal staining 0 r a- and /J-calenin 
in non-neoplastic prostate and 
in prostate adenocarcinoma. 
Original magnification xl 15. 
A, C Normal membranous 
expression ofa-calcnin and 
/r-catenin in non-neoplastic 
prostatic epithelium (Case I). 
B Decreased immunostaining 
for a-catenin in prostate . 
adenocarcinoma (Case 1). 
D Decreased and heterogenous 
immunostaining for /^catenin 
in prostate adenocarcinoma 
(Case I) 



In this study, we observed a coordinated down-regula- 
tion of the expression in the genes involved in the 
cadherin and catenm mediated cell-cell pathway at the 
mRNA level. The protein levels, as demonstrated by 
the immunohistochemical studies on the corresponding 
tissue sections, were generally consistent with the 
mRNA data as well as with that reported in the litera- 
ture [18, 33, 34, 38, 39]. 

E-cadherin showed the most consistent loss of ex- 
pression at both the mRNA level and the protein level. 
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Fig. 3 A Immunohistochernical 
staining of E- and P-cadhcrin in 
non-neoplastic prostate and in 
prostate adenocarcinoma. 
Original magnification xl 15; ■ 
A Normal membranous ex- 
pression or E-cadherin in non- 
neoplastic prostatic epithelium 
(Case I). B, C Complete 
negative (Case I) and focal 
heterogeneous (Case 3) immu- 
noslaihtng Tor E-cadherin in 
prostate adenocarcinoma. 
D Normal continuous basal 
layer expression of P-cadherin 
in a portion of non-neoplaslic 
prostatic epithelium (Case I). 
E, F Complete negative' 
(Case I) and mild focal hetero- 
geneous (Case 3) immunostain- 
ing for P-cadhcrin in prostate 
adenocarcinoma 




LOH at chromosome )6q, where both E-cadhcrin and 
P-cadherin are located, occurs in up to 30% of prostate 
cancers. Four of our cases showed a greater than 50% 
reduction in mRNA, ranging from 87 to 100%, sug- 
gesting that mechanisms in addition to LOH may play a 
role in the reduction of E-cadherin mRNA levels below 
that of the 50% predicted by. LOH alone. 

Previous studies have suggested that P-cadherin 
could serve as a specific marker, for basal cell differen- 
tiation and was not expressed in prostate cancer, 
although a recent study has shown focal P-cadherin 
expression in some prostate tumors [18]. In this study; 
we demonstrated P-cadherin mRNA in six of seven 
neoplastic cultures, although it was significantly reduced 
in all six cases. It is.impossible to rule but the possibility 
that some of the P-cadherin mRNA expression may 
have resulted from potential contamination by small 
numbers of non-ncoplastic basal cells admixed with the 
neoplastic cells within the culture material. However, we 
favor the interpretation that low levels of P-cadherins 
are expressed in cultured tumor cells, as well as weakly 
in some tumors in vivo owing to disruption of normal 
gene regulation. This interpretation is favored by the 
presence of focal immunostaining for P-cadherin protein 
in histologically neoplastic cells in five of seven cases. 
The histologic selection criteria (requiring minimal to no 
benign prostate glands) should also have minimized 
major contamination. Despite the presence ofmRNA in 
primary tumor cultures and focal positive immuno- 



staining, P-cadherin immunostaining may still serve as a 
useful basal cell marker because the staining pattern was ■ 
distinctly abnormal in the cases where it was focally 
present. 

In this study, the levels of a- and /?-catenin mRNA 
were also lower than normal in six of seven cases, 
though the reductions were relatively less than those of 
cadherins, especially for the o-calenins. Catenin protein 
expression was generally moderate to weak by immu- 
nohistochemislry and showed a heterogeneous cyto- 
plasmic and weak membranous staining pattern. The 
immunopositivity was generally similar in most cases, 
with 25-75% cells showing positivity:.The results of the 
immunohistochemical studies were generally consistent 
with the mRNA data;, although not in all cases (e.g., 
Case 1),' perhaps due to tumor heterogeneity. 

In this study, we also observed a coordinated down- 
regulation or E-cadherin and the catenins in most cases; 
this was mosl observable at the mRNA level. The cad- 
herins are tightly regulated during embryogenesis and 
appear to serve the need for precise spatio-temporal 
regulation. The promoter sequences of both E-cadhenn 
and P-cadherin have been cloned and functionally ana- 
lyzed |2, 5, 10, 15]. Both promoters have similar regu- 
latory elements, such as GC-rich regions and CCAAT 
boxes. Although the two promoters share similar se- 
quences, in vitro binding studies suggest that the two 
promoters are regulated by different transcriptional 
factors 1 1 1]. The tissue specificity of these promoters 
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appears to be derived by different combinations of a 
relatively few factor, common .o many types of "Lues 
and does „ 0 . appear to be derived from .ran cSon 
factors specific for each type of tissue. In „3 he 

mRNA >e ? ° f ^ ° f °" a ° d a, S 

• WaSCOrTe,a,ed Wi,h reduc "' ons i«e levels 
or E-cadherm expression. Although the exact mecha 

rrco°o H h,S ?H rd, ' na,Cd d — Nation "no 

*io?lz:ir u r suppor,s ,he ^ 

'oss or alteration of some regulatory factors occur: 

.nc?uT? S,a,C ! U ™'P'°<~- PosTiblcn^ha^ml 
mc hide transcnpfopal factor alterations or hvoTr 
methylalion of the promoter region ll^L^ted 
information is available on the fran^S" 
Uon of the catemns. but it is possible that similar 
mechanisms may play a role. 

e,nl? mra \ ,y L ,hiS js ' be f,rsl ^mparalive study of the 

a e'd « ne.S C ?™ 'T™ ' m ' bc -dhcriVmedi- 
atcd cell-cel adhesion pathway at the mRNA level using 
paired neoplastic and non-neoplas.ic primary culture! 

catemns are s.gnifican.l, reduced In some prostaTe "an 
cer pnmary cultures, and the reduction tends to be'o 2 

rTuLln^echa^ a defe^a 

regulating mechanism common to all of these genes- (3) 

!o H . h J ,T°' e!n ,CVe ' in somt P'OSlMc cancers Th'k 

mediated adhesion pathways may play a crucial role in 
tumor pathogenesis and metastasis 
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Down-regulation of prostate-specific antigen expressiou by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-binding consensus in the promoter of the PSA gene in 
LNCaP cells. 

Wang LG , Liu XM Kreis W, Budman DR . 

Department of Medicine, New York University, Manhasset 11030, USA. 

As a specific competitive inhibitor of 5alpha-reductase, an intracellular enzyme that 
converts testosterone to dihydrotestosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer. 
In this study, we showed that finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regulatory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional androgen-responsive element. Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable in small amounts in PSA-negative cell lines, PC-3 
and DU-145 (L. G. Wang et al:, Oncol. Rep., 3: 911-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the 
conditioned medium and cell extracts was found in these three cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was diminished when the cells were exposed to 25 
microM finasteride, at which concentration 50% of both PSA mRNA and protein were 
inhibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated with finasteride. Our data indicate 
that inhibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PSA gene expression by finasteride in LNCaP cells. 
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Expression of calcyclin in human melanocyte lesions. 
Weterma n MA , van Muiien ON , Bloemers HP R»jtL*21 
Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing two subsequent stages of metanocytic tumor progression we identified 

wih l. *! ! T u 0t - ntia l pr0gressi0n marker ' *e expression of which was correlated 
with metastahc behavior of vanous human melar,oma cell lines in nude mice In this 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these ce 1 hnes and extended these experiments to a panel of 120 routinely proceS 
human melanocyte cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellular nev«. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of posrtive cells was 
observed ,n , thick primary melanoma (> or = 1.5 mm) as compared to thin primary 
. me anoma (< 1 .5 mm). Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with higher Clark levels (> II) 
correspondrng to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remarkably, dysplastic nevi (atypical moles), potential precursors of 
melanoma, did not show any expression at all, either in junctional or dermal, parts 
Confinement of the expression to the dermal part of nondysplastic nevi and primary 
me anomas may reflect interactions with the microenvironment of the reticular dermis 
that occurs with vertical growth! 
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Estrogen regulation of the cytochrome P450 3 A subfamily in humans. 

Williams ET, Leyk M, Wrighton SA, Davies PJ , Loose PS , Shipley GL. Strobel HW . 

Department of Biochemistry, Medical School, University of Texas Health Science Center 
at Houston, 643 1 Fannin, MSB 6.200, Houston, TX 77030, USA. 

This study examines the possible role of estrogen in regulating the expression of the 
human CYP3A subfamily: CYP3A4, CYP3A5, CYP3A7, and CYP3A43. To accomplish 
this goal, mRNA was quantified from human livers and endometrial samples, and total 
CYP3 A protein levels were evaluated by Western irnrhunoblot analysis of the liver 
samples. The human endometrial samples were from premenopausal and postmenopausal 
women. The premenopausal endometrium was either in the proliferative or secretory 
phase, whereas for the postmenopausal endometrium samples, the women had been 
treated with either a placebo or estropipate, an estrogen substitute. After analyses, 
CYP3A4 mRNA was shown to have lower hepatic expression in females than in males. 
In the endometrium, CYP3A4 and CYP3 A43 are down-regulated by estrogen, whereas 
CYP3 A5 is expressed at higher levels during the secretory phase. CYP3A7 was not 
detected in the endometrium. In addition, the CYP3A subfamily showed increased 
mRNA expression in the liver as age increased. The expression levels of total CYP3A 
protein and total CYP3A mRNA showed good correlation. Despite apparent regulation of 
CYP3A4 mRNA expression by estrogen, the effects of estrogen may be overshadowed 
by additional regulators of gene expression. 
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Severely decreased MARCKS expression correlates with ras reversion but 
not with mitogenic responsiveness. 

Wojtaszc k PA , Stumpo DJ , Blackshcar Pf M :i£2I2 jn 

Deponent of Pathology, University of Vermont College of Med.cine, Burlington 

Str eSter " ind , U< : ible P' los P hor y latlon of MARCKS, the '80-kDa' substrate of protein 
revS ""^fl 6 m SCveral Phenotypicalty dominant, non-transformed" 

revertants independently denved from the ras-trans formed cell line NIH3T3 DT ras 
Extremely low expression of MARCKS protein accounted for this apparent lack of ' 
phosphorylat.on. MARCKS -encoding mRNAlevels were correspondingly deceased 
re ^ «o normal and ras-transformed cells in all four ras revest ceil Les^ C- 
1 1 and r-2, denved by 5-azacyt.dine treatment and selection with ouabain- CHP 9CJ 
S 12^ tStT m f PatC mU ^ enesis - d sdection with cis-hydroxy-L-pro'lme; 
TMARCKf^ y Tf Ctl ? W , lth the huma " ^ 1 However, re-expression 
..01 MARCKS after transfection of a cloned MARCKS cDNA into the C-l 1 ras revertant 
cells was not sufficent to induce retransformation. In fact, no significant differenctt 
sens.t.vity to mitogen.c stimulation by phorbol esters was observed among several cell 
hnes expressmg w,dely varying levels of MARCKS. This evidence argues against a 

" mit ° geniC IT 1 " 8 - *» ^ngfo^tion between 

attenuation of MARCIS express.on and.phenotypically dominant ras reversion suggests 
that a common negahve regulatory mechanism might be responsible for both effects 
rTsS'aT 3 P ° tentially USCM Strate Sy for identifying factors involved in transducing the 
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Outline Abstract 



Background 



■„,,,, Prostate stem cell antigen (PSCA) is a recently defined homologue of the 
r Thy-t/Ly-6 family ol glycosylphosphatidylinositol (GPI)-anchored cell 

surface antigens. The purpose of the present study was to examine the 
expression status of PSCA protein and mRNA in clinical specimens of human 
prostale cancer (Pea) and to validate it as a potential molecular target for 
: ' diagnosis and treatment of Pea. 

Materials and Methods 



lmmunohistochemical ()HQ and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin- embedded sections ' 
from 20 benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial 
neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was 
semiquantitative^ scored by assessing both the percentage and intensity of 
PSCA-positive staining cells in the specimens. Then compared PSCA 
expression between BPH, PIN and Pea tissues and analysed the correlations 
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of PSCA expression level with pathological grade, clinical stage and 
progression to androgen-independence in Pea. 

Results 

In BPH and low grade PIN, PSCA protein and mRNA staining were weak or 
negative and less intense and uniform than that seen in HGP1N and Pea. 
There were moderate to strong PSCA protein and mRNA expression in 8 of 
11 (72.7%) HGP1N and in 40 of 48 (83.4%) Pea specimens examined by 
1HC and ISH analyses, with statistical significance compared with BPH 
(20%) and low grade PIN (22.2%) samples (p < 0.05, respectively) The 
expression level of PSCA increased with high Gleason grade, advanced stage 
and progression to androgen-independence (p < 0.05, respectively). In 
addition, 1HC and ISH staining showed a high degree of correlation between 
PSCA protein and mRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is 
overexpressed by a majority of human Pea. PSCA expression correlates 
positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and 
androgen-independence, and speculatively with prostate carcinogenesis. 
PSCA protein overexpression results from upregulated transcription of PSCA 
mRNA. PSCA may have prognostic utility and may be a promising molecular 
target for diagnosis and treatment of Pea. 



Outline Introduction 

Abstract Prostate cancer (Pea) is the second leading cause of cancer-related death in 
Introduction American men and is becoming a common cancer increasing in China. 
r.,i rvMi,,,,i,. Despite recently great progress in the diagnosis and management of 

localized disease, there continues to be a need for new diagnostic markers 
that can accurately discriminate between indolent and aggressive variants of 
Pea. There also continues to be a need for the identification and 
characterization of potential new therapeutic targets on Pea cells Current 
FM.:- t r„« diagnostic and therapeutic modalities for recurrent and metastatic Pea have 
been hm.ted by a lack of specific target antigens of Pea. 

Although a number of prostate-specific genes have been identified (i.e. 
prostate specific antigen, prostatic acid phosphatase, glandular kallikrein 2) 
the majority of these are secreted proteins not ideally suited for many 
immunological strategies. So, the identification of new cell surface antigens 
is critical to the development of new diagnostic and therapeutic approaches 
to the management of Pea. 

Reiter RE et al ( 1 ] reported the identification of prostate stem cell antigen 
(PSCA), a cell surface antigen that is predominantly prostate specific The 
PSCA gene encodes a 3 23 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs to a member of 
the Thy-j/Ly-6 family and is anchored by a giycosylphosphatidylinositol ' 
(GPI) linkage. mRNA in situ hybridization (JSH) localized PSCA expression in 
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normal prostate to the basal cell epithelium, the putative stem cell 
compartment of prostatic epithelium, suggesting that PSCA may be a 
marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in 
human Pea and validate it as a potential diagnostic and therapeutic target ■ 
for Pea, we used immunohistochemistry (IHC) and in situ hybridization 
(ISH) simultaneously, and. conducted PSCA protein and mRNA expression 
analyses in paraffin-embedded tissue specimens of benign prostatic 
hyperplasia (BPH, n = 20), prostate intraepithelial neoplasm (PIN, n = 20) 
and prostate cancer (Pea, n = 48). Furthermore, we evaluated the possible 
correlation of PSCA expression level with Pea tumorigenesis, grade, stage 
and progression to androgen-independence. 
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Tables 



u.f .i ; .., ; 

Table i 

Correlation of PSCA 
expression with Gleason 
score 



Tab Is: 2 

Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

All of the clinical tissue specimens studied herein were obtained from 80 
patients of 57-84 years old by prostatectomy, transurethral resection of 
prostate (TURP) or biopsies. The patients were classified as 20 cases of BPH, 
20 cases of PIN, 40 cases of primary Pea, including 9 patients with recurrent 
Pea and a history of androgen ablation therapy (orchiectomy and/or 
hormonal-therapy), who were referred to as androgen-jndependent prostate 
cancers. Eight specimens were harvested from these androgen-independent 
Pea patients prior to androgen ablation treatment. Each tissue sample was 
cut into two parts, one was fixed in 10% formalin for IHC and the other 
treated with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% DEPC for 1 h 
for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 pm sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained 
section of each Pea was evaluated and assigned a Gleason score by the 
experienced urological pathologist at our institution based on the criteria of 
Gleason score [?.]. The Gleason sums are summarized in Table 3. Clinical 
staging was performed according to Jewett-whitmore-prout staging system, 
as shown in Table 2. In the category of PIN, we graded the specimens into 
two groups, i.e. low grade PIN (grade 1 - II) and high grade PIN (HGP1N, 
grade I)]) on the basis of literatures [3,4]. 

Immunohistochemical (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
microwaving in 10 mmol/L citrate buffer, PH 6.0 (Boshide, Wuhan, China) in. . 
a 900 W oven for 5 min to induce epitope retrieval. Slides were allowed to 
cool at room temperature for 30 min. A primary mouse antibody specific to 
human PSCA (Boshide, Wuhan, China) with a 1:100 dilution was applied to 
incubate with the slides at room temperature for 2 h. Labeling was detected 
by sequentially adding biotinylated secondary antibodies and strepavidin- 
peroxidase, and localized using 3,3'-diaminobenzidine reaction. Sections 
were then counterslained with hematoxylin. Substitution ol the primary 
antibody with phosphate- buffered-saline (PBS) served as a negative- 
staining control. 
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mRNA in situ hybridization (ISH) 

Five-ram-thick tissue sections were deparaffinized and dehydrated, then 
digested in pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37.5°C, 
and further processed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, Wuhan, China) were 
hybridized to the sections at 48°C overnight. The posthybridization wash 
with a high stringency was performed sequentially at 37°C in 2 x standard 
saline citrate (SSC). for 10 min, in 0.5 x SSC for 15 min and in 0.2 x SSC 
for 30 min. The slides were then incubated to biotinylated mouse anti- 
digoxigenin antibody at 37.5°C for 1 h followed by washing in 1 x PBS for 
20 min at room temperature, and then to strepavidin-peroxidase at 37.5°C 
for 20 min followed by washing in 1 x PBS for 15 min at room temperature. 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals. 
Sections hybridized with the sense control probes routinely did not show any 
specific hybridization signal above background. All slides were hybridized 
with PBS to substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining 
and mRNA in situ hybridization, the same scoring manners are taken in the 
present study for PSCA protein staining by IHC and PSCA mRNA staining by 
ISH. Each slide was read and scored by two independently experienced 
urological pathologists using Olympus BX-41 light microscopes. The 
evaluation was done in a blinded fashion. For each section, five areas of 
similar grade were analyzed semiquantitatively for the fraction of cells * 
staining. Fifty percent of specimens were randomly chosen and rescored to 
determine the degree of interobserver and intraobserver concordance. There 
was greater than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a 
scale of 0 to 3+ with 3 being the highest expression observed (0, no 
staining; 1 + , mildly intense; 2 + , moderately intense; 34, severely intense). 
The staining density was quantified as the percentage of cells staining 
positive for PSCA with the primary antibody or hybridization probe, as 
follows: 0 = no staining; 1 = positive staining in <25% of the sample; 2 = 
positive staining in 25%-50% of the sample; 3 = positive staining in >S0% 
of the sample. Intensity score (0 to 3+) was multiplied by the density score 
(0-3) to give an overall score of 0-9 | 1,5]. In this way, we were able to 
differentiate specimens that may have had focal areas of increased staining 
from those that had diffuse areas of increased staining (&]. The overall score 
for each specimen was then categorically assigned to one of the following 
groups: 0 score, negative expression; 1-2 scores, weak expression; 3-6 
scores, moderate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH, PIN and 
Pea tissues were compared using the Chi-square and Student's (-test. 
Univariate associations between PSCA expression and Gleason score, clinical 
stage and progression to androgen- independence were calculated using 
Fisher's Exact Test. For all analyses, p < 0.05 was considered statistically 
significant. 
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Outline Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed weakly in individual 
samples of BPH. Some areas of prostate expressed weak levels (composite 
score 1-2), whereas other areas were completely negative (composite score 
0). Four cases (20%) of BPH had moderate expression of PSCA protein and 
mRNA (composite score 4-6) by IHC and ISH. In 2/20 (10%) BPH 
specimens, PSCA mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 2) in one and 
negative (composite score 0) in the other. PSCA expression was localized to 
the basal and secretory epithelial cells, and prostatic stroma was almost 
negative staining for PSCA protein and mRNA in all cases examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and 
mRNA (s=2 scores) in 7 of 9 (77.8%) low grade PIN and in 2 of 11 (18.2%) 
HGPIN, and moderate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate PSCA mRNA 
expression (6 score) was found weak staining for PSCA protein (2 score) by 
IHC. Strong PSCA protein and mRNA expression (9 score) were detected in 
the remaining 3 of 11 (27.3%) HGPIN. There was a statistically significant 
difference of PSCA protein and mRNA expression levels observed between 
HGPIN and BPH (p < 0.05), but no statistical difference reached between 
low grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared 
with benign glands, Forty-eight paraffin-embedded Pea specimens were 
analysed by IHC and ISH. It was shown that 19 of 48 (39.6%) Pea samples 
Stained very strongly for PSCA protein and mRNA with a score of 9 and 
another 21 (43.8%) specimens displayed moderate staining with scores of 
4-6 (Figure 1). In addition, 4 specimens with moderate to strong PSCA 
mRNA expression (scores of 4-9) had weak protein staining (a score of 2) 
by IHC analyses. Overall, Pea expressed a significantly higher level of PSCA 
protein and mRNA than any other specimen category in this study (p < 
0.05, compared with BPH and PIN respectively). The result demonstrates 
that PSCA protein and mRNA are overexpressed by a majority of human 
Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described in Materials and 
Methods, we compared the expression level of PSCA protein and mRNA with 
Gleason grade of Pea, as shown in Table .1 . Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentiation, 5-7 scores = • 
moderate-differentiation and 8-10 scores = poor-differentiation \7\. 
Seventy-two percent of Gleason scores 8-J0 prostate cancers had very 
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Pigure 1 

Representatives of PSCA 
IHC and ISH staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 
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strong staining of PSCA compared to 21% with Gleason scores 5-7 and 17% 
with 2-4 respectively, demonstrating that poorly differentiated Pea had 
significantly stronger expression of PSCA protein and mRNA than 
moderately and well differentiated tumors (p < 0.05). As depicted in Figure 
1, IHC and 1SH analyses showed that PSCA protein and mRNA expression in 
several cases of poorly differentiated Pea were particularly prominent, with 
more intense and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the 
results in Table 2. Seventy-five percent of locally advanced and node 
positive cancers (i.e. C-D stages) expressed statistically high levels of PSCA 
versus 32.5% that were organ confined (i.e. A-B stages) (p < 0.05). The 
data demonstrate that PSCA expression increases significantly with 
advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate cancers stained positive 
for PSCA protein and mRNA. Eight specimens were obtained from patients 
managed prior to androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the strongest staining 
category (score = 9), compared with three out of eight (37.5%) of patients 
with androgen-dependent cancers (p < 0.05). The results demonstrate that 
PSCA expression increases significantly with progression to androgen- 
independence of human Pea. 

Jt is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates 
significantly with increasing grade, worsening stage and progression to 
androgen- independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the results of PSCA IHC 
staining with mRNA ISH analysis. Positive staining areas and its intensity 
and density scores evaluated by IHC were identical to those seen by ISH in 
79 of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/48 Pea 
respectively). Importantly, 27/27 samples with PSCA mRNA composite 
scores of 0-2, 32/36 samples with scores of 3-6 and 22/24 samples with a 
score of 9 also had PSCA protein expression scores of 0-2, 3-6 and 9 
respectively. However, in 5 samples with PSCA mRNA overall scores of 3-6 
and in 2 with scores of 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting that this may reflect 
posttranscriptional modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data demonstrate that 
the results of PSCA immunostaining were consistent with those of mRNA 
ISH onalysis, showing a high degree of correlation between PSCA protein 
and mRNA expression. 
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PSCA is homologous to a group of cell surface proteins that mark the 
earliest phase of hematopoietic development. PSCA mRNA expression is 
prostate-specific in normal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts (LAPC-4 tumors). We 
hypothesize that PSCA may play a role in Pea tumorigenesis and 
progression, and may serve as a target for Pea diagnosis and treatment." In 
this study, IHC and ISH showed that in general there were weak or absent 
PSCA protein and mRNA expression in BPH.and low grade PIN tissues. 
However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up- regulation of PSCA is 
an early event in prostate carcinogenesis. Recently, Reiter RE et al [1], 
using ISH analysis, reported that 97 of 118 (82%) HGPIN specimens stained 
strongly positive for PSCA mRNA. A very similar finding was seen on mouse 
PSCA (mPSCA) expression in mouse HGPIN tissues by Tran C. P et al [SJ. 
These data suggest that PSCA may be a new marker associated with 
transformation of prostate cells and tumorigenesis. 



We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly 
differentiated, androgen-independent and metastatic cases. Fluorescence- 
activated cell sorting and cdnfocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in Pea cells [9]. Our 
IHC expression analysis of PSCA shows not only cell surface but also 
apparent cytoplasmic staining of PSCA protein in Pea specimens (Figure i). 
One possible explanation for this is that anti-PSCA antibody can recognize 
PSCA peptide precursors that reside in the cytoplasm. Also, it is possible 
that the positive staining that appears in the cytoplasm is actually frorn the 
overlying cell membrane [5]. These data seem to indicate that PSCA is a 
novel cell surface marker for human Pea. 



Our results show that elevated level of PSCA expression correlates with high 
. grade (i.e. poor differentiation), increased tumor stage and progression to 
androgen-independence of Pea. These findings support the original IHC ' 
analyses by Gu Z et al |9], who reported that PSCA protein expressed in 
94% of primary Pea and the intensity of PSCA protein expression increased 
with tumor grade, stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al [JO'], in which the 
significant association between high PSCA expression and adverse 
prognostic features such as high Gleason score, seminal vesicle invasion and 
capsular involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [ 3 1 ] used RT-PCR detection of 
PSA, PSMA and PSCA in 1 ml of peripheral blood to evaluate Pea patients 
with poor prognosis. The results showed that among 58 PCa patients, each 
PCR indicated the prognostic value in the hierarchy of PSCA>PSA>PSMA RT- 
PCR, and exlraprostatic cases with positive PSCA PCR indicated lower 
disease-progression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic factor. Dubey P el al 
[12] reported that elevated numbers of PSCA + cells correlate positively 
with the onset and development of prostate carcinoma over a long lime 
span in the prostates of the TRAMP and PTEN +/- models compared wilh its 
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normal prostates. Taken together with our present findings, in which PSCA 
is overexpressed from HGPJNto almost frank carcinoma, it is reasonable 
and possible to use increased PSCA expression level or increased numbers 
of PSCA-positive cells in the prostate samples as a prognostic.marker to 
predict the potential onset of this cancer. These data raise the possibility 
that PSCA may have diagnostic utility or clinical prognostic value in human 
Pea. 

The cause of PSCA overexpression in Pea is not known. One possible 
mechanism is that it may result from PSCA gene amplification. In humans, 
PSCA is located on chromosome 8q24.2 [1 j, which is often amplified in 
metastatic and recurrent Pea and considered to indicate a poor prognosis 
[13-15]. Interestingly, PSCA is in close proximity to the c-myc oncogene, 
which is amplified in >20% of recurrent and metastatic prostate cancers' 
[16, 17 J. Reiter RE et al [18] reported that PSCA and MYC gene copy 
numbers were co-amplified in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 
specimens available to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had identically positive areas 
• of PSCA protein and mRNA expression. Taken together with our findings, in 
which we detected moderate to strong expression of PSCA protein and 
mRNA in 34 of 40 (85%) Pea specimens examined simultaneously, by. 1HC 
and ISH analyses, it is demonstrated that PSCA protein and mRNA 
overexpressed in human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its 
biological function are yet to be elucidated. PSCA expression may be 
regulated by multiple factors [18]. Watabe T et al [3 9] reported that 
transcriptional control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be regulated or 
mediated through cell-cell contact and protein kinase C (PKC) [20]. 
Homologues of PSCA have diverse activities, and have themselves been 
involved in carcinogenesis. Signalling through SCA-2 has been demonstrated 
to prevent apoptosis in immature thymocytes [2]]. Thy-1 is involved in T 
cell activation and transducts signals through src-like tyrosine kinases [22].. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell 
adhesion (23- 23]. Cell-cell or cell-matrix interaction is critical for local tumor 
growth and spread to distal sites. From its restricted expression in basal 
cells ol normal prostate and its homology to SCA-2, PSCA may play a role in 
stem/progenitor cell function, such as self-renewal (i.e. anti-apoptosis) 
and/or proliferation []]. Taken together with the results in the present 
study, we speculate that PSCA may play a role in tumorigenesis and clinical 
progression of Pea through affecting cell transformation and proliferation. 
From our results, it is also suggested that PSCA as a new cell surface 
antigen may have a number of potential uses in the diagnosis, therapy and 
clinicaL prognosis of human Pea. PSCA overexpression in prostate biopsies 
could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from normal glands in 
prostatectomy samples. Similarly, the detection of PSCA-overexpressing 
cells in bone marrow or peripheral blood may identify and predict metastatic 
progression better than current assays, which identify only PSA-positive or 
PSMA- positive prostate cells. 
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In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority 
of cases, which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell differentiation), 
advanced stage and androgen- independent progression. PSCA protein 
overexpression is due to the upregulation of its mRNA transcription. The 
results suggest that PSCA may be a promising molecular marker for the 
clinical prognosis of human Pea and a valuable target for diagnosis and 
therapy of this tumor. 
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Expression of superoxide dismutases, catalase, and glutathione peroxidase 
ui glioma cells. 

Zhongi W, YanT, Lim R , Qberley LW . 

CUylS^U^ **artme«rt of Radiology, The University of rowa, Iowa 

Four primary antioxidant enzymes were measured in both human and rat glioma cells 
Both manganese-containing superoxide dismutase (MnSOD) and copper-zinc-containing 
superox.de d.smutaseiCuZnSOD) activities varied greatly among the different glioma 
, ceU hues. MnSOD was generally higher in human glioma cells than in rat glioma cells 
and relatively higher than in other tumor types. High levels of MnSOD in human glioma 
cells were due to the high levelsof expression of MnSOD mRNA and protein 
Heterogeneous expression of MnSOD was present in individual glioma cell lines and 
ma ^ C sub P°P ulations or ce »s at different differentiation stages. Less difference 
m CuZnSOD, catalase, or glutathione peroxide was found between human and rat glioma 
cells. The human ghoma cell lines showed large differences in sensitivity to the 
glutathione modulating drugs 1 ,3-bis (2-chloroethyl)- 1 -nitrosourea (BCNU) and 
b^haonme sulfoximine (BSO). A good correlation was found between sensitivity to 

l^ : 7t . th ?- aCt i Vi ¥f S ° f C3talaSe in these ceU lines - ° n 'y Pne cell line Was sensitive to 
BbO and this line had low CuZnSOD activity. 
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[Expression of human telomerase reverse transcriptase in cervix cancer 
and its significance] 

[Article in Chinese] 

Xi L . Zlrn T . Wu P . Xu 0 , Huang L , Li KZ , Lu YP . Ma D . 

Department of Obstetrics and Gynecology, Tongji Hospital, Tongji Medical College, 
Huazhong University of Science and Tecluiology, Wuhan 430030, China. 

OBJECTIVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (CIN) 
and normal cervix. METHODS: Expression of hTERT mRNA and the other two subunits 
of telomerase, human telomerase RNA component (hTR), human telomerase-associated 
protein (hTP l)_was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases "of cervix cancer, 16 cases of CIN and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-ELISA). Expression of hTERT protein was 
detected in all the cell lines and. 101 cases of paraffinized cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
lines, 81.6% of cervix cancer, 37.5% of CIN, 5.0% of normal cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity. Immunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines, 65.5% of 
cervix cancer, 28.0% of CIN and 4.8% of normal cervix. CONCLUSION: Up-regulation 
of hTERT may play an important role in die development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biomarker for cervix cancer. 
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17.1 Introduction 

There are now numerous organisms whose genome sequences are known, for 
example Arabidopsis (Arabidopsis Genome Initiative, 2000), Drosophila (Adams 
et al., 2000), human (International Human Genome Sequencing Consortium; 
2001) and rice (Yu et al., 2002). The prediction of open-reading frames from 
these genomic sequences has enabled the comprehensive identification of many 
putative protein sequences. These proteins can be arranged into three categories, 
namely those of known function, those with recognisable motifs and hence a 
vague idea of function, and those with no sequence similarities to any pro- 
tein (Gabor Miklos and Malenszka, 2001). Many proteins reside in this latter 
'functional vacuum' which could represent as much as 30% of the predicted 
proteins. Determining protein function is key to understanding cellular mecha- 
nism. Studying how protein expression is modulated in response to a given set 
of circumstances, such as infection, disease, developmental stage, senescence or 
response to drugs, will facilitate the elucidation of disease pathways and thus 
provide a mechanism for diagnosis and therapy. 

DNA chips (mRNA profiling studies) can contribute to the study of gene 
expression in response to a particular biological perturbation. However, the 
extrapolation that changes in transcript level will also result in corresponding 
changes in protein amount or activity cannot always be made. To understand 
fully, we need integrated data sets from a variety of protein expression studies, 
providing information on relative abundances, sub-cellular locations, protein 
complex formation and the profiling of isoforms generated by either alternate 
mRNA splicing or post-translational modifications. Proteomics is the word now 
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commonly used to describe the discipline associated with the acquisition of 
these data sets. 

17.2 Definitions and applications 

Before embarking on an overview of the techniques used in the field of pro- 
teomics, it is necessary to define a few terminologies; proteomics, functional 
genomics, structural genomics and post-genomics are terms that have crept into 
the scientific vocabulary with alarming stealth and are used freely, and in some 
cases interchangeably, especially in cases where the use of such 'buzz words' 
is likely to increase the attendance at departmental seminars. 

• Genome: A genome represents the entire DNA content in a particular cell, 
whether or not it is coding, non-coding, or is located either chromosomally 
or extra-chromosomally. 

• Genomics: Genomics is the study of the genome, interrogating the complete 
genome sequence using both DNA and RNA methodologies. 

• Proteome: The proteome represents the complete set of proteins encoded by 
the genome. 

• Proteomics: Proteomics is the study of the proteome and investigates the cel- 
lular levels of all the isoforms and post-translational modifications of proteins 
that are encoded by the genome of that cell under a given set of circumstances. 

• Functional genomics: This is the study of the functions of genes and their 
inter-relationships. 

Whilst a genome is more or less static, the protein levels in a particular cell can 
change dramatically as genes get turned on and off during the cell's response to 
its environment. The proteome originally was defined over seven years ago as 
'all the proteins coded by the genome of an organism' (Wasinger et al., 1995). 
Nowadays the term 'proteomics' is used more widely and implies an effort to 
link structure to function by whatever means are appropriate. We can expect the 
definition to change again with time as the field and the investigator's view of 
it evolves. 

17.3 Stages in proteome analysis 

Proteomic analysis can ascertain function either by looking for changes in the 
expression of either all or a subset of proteins, or by identifying binding partners 
for particular proteins and seeing how their interaction is affected by biological 
perturbation. Whatever the rationale of the investigation, or the number of pro- 
teins involved, the study of the proteome can be broken down into the following 
stages of analysis. 
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Gene Expression Analysis 
Using Microarrays 

Sophie E. Wildsmith and Fiona J. Spence 



13.1 Introduction 

Microarrays are of increasing interest to bod) industry and academia as tools 
for 'gene hunting' and also as quantitative methods for routine analysis of large 
numbers of genes. Techniques such as real-time polymerase chain reaction (RT- 
PCR) TaqMan™ and SybrMan™ are generally considered to be more accurate, 
robust, larger in dynamic range and less capital intensive, but for rapid, large- 
scale gene expression analysis using limited mRNA, microarrays and gene chips 
are preferred. 



13.2 Microarray experiments 
Platforms 

Global gene expression platforms are now available in multiple formats, 
including cDNA arrays, oligonucleotides spotted onto slides or in situ 
synthesised oligonucleotide arrays manufactured using photolithography. 
Commercial sources for these include Stratagene (La Jolla, CA), Memorec 
(Koln, Germany) and BD Biosciences (Oxford, UK) for cDNA microarrays, 
Mergen Ltd (San Leandro, CA) for spotted oligomers and Affymetrix (Palo 
Alto, CA) for oligoarrays synthesised in situ. Purchasing from a supplier is more 
expensive than generating microarrays in-house, although the latter is beneficial 
in labour-intensive institutions or when proprietary gene information is utilised. 
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'Off-the-shelf microarrays may also have the advantage of rigorous quality 
control and standardised protocols. 

It is possible to produce oligonucleotide spotted arrays in-house, by design- 
ing oligonucleotide sequences that match genes of interest and then purchasing 
purified oligonucleotides to spot down on glass or other substrates. Alternatively 
there are new systems such as that available from CombiMatrix (Mukilteo, 
WA, USA) for computer-aided design and in situ synthesis of oligonucleotides. 
However, production of cDNA microarrays is currently the most affordable and 
popular method and is now well established. Numerous sources of informa- 
tion on cDNA microarray fabrication are available in the literature and on the • 
internet (Bowtell, 1999; Cheung et al., 1999; Wildsmith and Elcock, 2001 and 
http://cmgm.stanford.edu/pbrovm). Thus, this chapter will focus on the 
implementation of experiments and analysis of data from cDNA microarrays. 
The experimental procedure differs slightly according to the number of fluo- 
rophores (or channels) and the type and manufacturer of the array. We have 
attempted to describe a generic process, indicating where possible the different 
options. Figure 13.1 demonstrates the procedure for a two-colour hybridisation. 



Sample 1 Sample 2 




Figure 13.1 The microarray experimental process for two-colour hybridisations 



RNA Extraction 
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First, RNA is extracted from the tissue or cells of interest. The quality of the 
RNA extracted is paramount to the overall success of the microarray experi- 
ment, as impurities in the sample can effect both the probe labelling efficiency 
and also stability of the fluorescent label (Hegde etal., 2000). Snap-freezing 
of tissue in liquid nitrogen, immediately after harvesting, is used to preserve 
RNA integrity. Any further sectioning of the tissues should be carried out under 
RNAse-free conditions (Fernandez et al., 1997). Total RNA can be extracted 
using kits such as TRIzol® (Inyitrogen, Paisley, Scodand) and Rneasy (Qia- 
gen, GmbH, Hilden, Germany). Some researchers perform a further extraction 
of mRNA; this results in a purer starting material but has the disadvantage of 
lower yields. Affymetrix recommend between 5 and 40 p,g of total RNA is 
required for their GeneChips™ and 10 u.g or less is the required amount of 
starting material for cDNA microarrays (Hegde etal, 2000). 



Sample .Labelling 

The mRNA is transcribed in vitro, with the concomitant inclusion of labelled 
nucleotides. The labels may be fluorescent or radioactive. In the case of dual 
channel/colour hybridisations, two samples will be labelled with dyes that 
fluoresce at different wavelengths, with different emission spectra. Example 
fluorophores, available coupled to nucleotides, are Cy3, Cy5, fluorescein 
and lissamine. Wildsmith etal. (2001) have demonstrated that AJexaFluor 
546dUTP™ (Molecular Probes, Leiden, The Netherlands) gives a significantly 
higher signal than Cy3dCTP (Amersham Biosciences, Piscataway, NJ, USA). 
When performing two-colour hybridisations the control sample and 'test' sample 
are labelled with different fluorophores and the subsequent cDNA is then mixed 
together and hybridised simultaneously (Nuwaysir et al., 1999). An advantage of 
simultaneously hybridising control and treated sample is that it obviates the need 
to control for differences in hybridisation conditions or between microarrays. A 
specific example of the huge impact this technique has had includes its use 
in the first published account of gene expression data of the entire genome of 
Saccharomyces cerevisiae (DeRisi etal., 1997). In two-colour hybridisations, 
one would assume that the properties of the two fluorescent dyes being used 
are equivocal. In fact, for Cy5 and Cy3 this is not the case as Cy5 has been 
reported to give higher background fluorescence and also is more sensitive to 
photobleaching than Cy3 (Van Hal et al., 2000). In addition, there is evidence 
from several independent sources that the combination of Cy3 and Cy5 dye 
labelling can affect data in certain genes. That is to say, when experiments 
are repeated and the dye combination for the two probes reversed, inconsistent 
results are obtained with certain genes (Taniguchi etal., 2001). Despite these 
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Treated : Cy 3-S32 nm Control : Cy 5-635 nm 




Figure 13.2 Two-colour fluorescent scan of human gene cDNA array. The probe mix con- 
sists of DNA from HepG2 control cells and cells treated with buthionine sulfoximine for 6 h. 
A colour version of this figure appears in the colour plate section 

facts, two-colour hybridisations are widely accepted throughout the microarray 
community and an example of an image is shown in Figure 13.2. 

Hybridisation and Processing 

After labelling, the cDNA is purified (to remove unincorporated nucleotides), 
mixed with a hybridisation buffer and then applied to a cDNA microarray slide. 
The sample and the slide are heated prior to hybridisation in order to separate 
double-stranded DNA. A coverslip is applied (Shalon et al., 1996), or prefer- 
ably a hybridisation chamber is used to avoid evaporation and enable an even 
hybridisation. The hybridisation and subsequent wash steps are carried out at a 
buffer stringency and temperature that enables hybridisation of complementary 
strands of DNA but reduces non-specific binding. 

Image Capture and Image Analysis 

After hybridisation the microarray slides are scanned, using either a laser or a 
phosphorimager (depending on the type of label used). There are many different 
suppliers and models of fluorescence scanner, for example the ScanArray 5000 
(Perkin Elmer Life Sciences, Zaventem, Belgium), GenePix 4000B (Axon GRI, 
Essex, UK) and the GeneArray® (Affymetrix, Santa Clara, CA). The choice of 
scanner is determined by sensitivity, resolution, flexible wavelength, file size 
generated, throughput and technical support available. 

Images are analysed using software that measures the intensity of the sig- 
nal from the hybridised spotted genes (spots), which provides a measurement 
of the amount of cDNA bound. Thus the initial concentration of messenger 
RNA is inferred. Early software packages 'drew' grids around the spots and 
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integrated across the whole area of the grid. This overcame problems associ- 
ated with accurate location of the spots, which is problematic, especially if the 
spots on the printed arrays are poorly aligned. More recent versions of software 
'draw' circles around the spots themselves and perform measurements within 
and outside of this boundary. For example, the background may be calculated 
from a region outside the spot boundary. The intensity of the signal from the 
spot may be calculated using median, mode or mean values of the pixels within 
the spot. Researchers differ in their preferences regarding using median or mean 
values (Hegde et al., 2000) and this is likely to depend upon the protocols and 
software used. 

Image analysis software commonly is supplied with scanners or can be 
bought from the same supplier. This has the advantage of being opti- 
mised for that specific type of. microarray and the benefit of upgrades 
and technical support. Software for microarray analysis is available 
from BioDiscovery (http://www.biodiscovery.com), Imaging Research 
(http://imagingreaearch.com), GenePix Pro (Amersham Biosciences, Pis- 
cataway, NJ), arraySCOUT 2.0 (http://www.lionbioscience.com), MH 
(http://www.nhgri .nih.gov/DIR/LCG/15K/HTML/img-analysiB .html), 
Stanford University (http : //rana . Stanford . edu/ software) Media Cyber- 
netics (Silver Spring, MD, USA) and TIGR (http//www. tigr.org/sof tlab). 
Important criteria for image analysis software include speed, ease of use, 
automation and the ability to distinguish artefact from real signal (Wildsmith 
and Elcock, 2001). 

As the technology has evolved and more experience gained, it has become 
more and more apparent that the most significant issues facing microarray users 
are the processing of the vast quantities of data generated and deciding exactly 
what tools are the most appropriate for data analysis. Because of the enormity 
of this, we have dedicated a complete section to describing the current status of 
this area. 



13.3 Data analysis 

It is important to be cognisant of the fact that the practical laboratory aspects of 
using microarrays are only part of gene expression analysis. Many researchers 
generate vast volumes of data, without a clear understanding of how to manage 
and interpret them. Furthermore, the variability in microarray data confers addi- 
tional problems for analysis. In some cases the purpose of the experiment will 
be a gene-hunting exercise, in which case a cursory indication of potential gene, 
biomarkers is sufficient analysis. In other instances, such as pathway mapping 
and screening studies, it is paramount that results are statistically meaningful 
and valid. The next few sections detail some relatively simple analysis meth- 
ods and recommendations for the benefit of researchers with minimal statistical 
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Figure 13 J The ideal microarray experimental design and process 

training. There are also suggestions for more advanced analysis for those who 
have the assistance of a statistician or specialist data analyst. 

Most of the steps before, during and after performing a microarray expert- • 
ment are optimally conducted with regard for statistics and data analysis. Careful 
planning before implementation facilitates the downstream analysis and inter- 
pretation of data. The following model summarises the entire microarray process 
with integration of the biological and data analysis components (Figure 13.3). 

Hypothesis Generation 

Any study is conceived for the purpose of investigating or obtaining supporting 
evidence for a biological hypothesis. Giving time at this early stage to consider 
downstream implications will pay dividends later. It is helpful if, rather than 
simply stating the aims of the experiment, the researcher asks the question 'What 
results do I expect?' or 'what answer will validate/invalidate my hypothesis?'. 
This 'reverse-engineering' proves useful in focusing the project, assessing the 
feasibility of the work, providing early preparation for data management and 
analysis and, importantly, in managing expectations with regard to outcomes. 

A good example of careful experimental planning is demonstrated by Golub 
etal. (1999) in the classification of acute leukaemias in order to distinguish 
between acute lymphoblastic leukaemia (ALL) and acute myeloid leukaemia 
(AML). Distinguishing between ALL and AML using conventional techniques 
is known to be a difficult task. The researchers maximised their probability of 
success by choosing an easier, more defined model (normal kidney vs. renal 
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cell carcinoma), on which to validate their analytical methods. In doing so they 
established that their techniques were suitable for classifying tissues according 
to disease and gained confidence in their approach before using the samples of 
real interest. 

Optimisation Experiments 

Although microarrays are becoming increasingly accessible to all, using these 
tools requires experience and it is unlikely that successful experiments will be 
conducted immediately. It is usual that some time is given to optimising a sys- 
tem for any specific application, for example for a given tissue or cell type. 
Additionally, the requirements for a given system may warrant some modifica- 
tions. The standard approach for a scientist to take is to vary one parameter, 
whilst keeping all others constant. This is time-consuming and does not take into 
account the interactions between different factors. Well-designed, multifactorial 
experiments (Box et al., 1978), provide a faster route for optimisation, with a 
statistical measure of confidence. An example of this technique is in the opti- 
misation of microarray experimental conditions for preparation of fluorescent 
probes from rat liver tissue (Wildsmith et al., 2001). When a major source of 
variation is revealed this can be investigated further with a view to minimising 
it or providing sufficient replicates to account for it. 

Design of Experiments 

Once confidence in the experimental procedure has been obtained the researcher 
is likely to have gained an insight into the reproducibility of the system. This 
assists in the design of the experiments, in particular in determining the mini- 
mal number of replicates necessary. Replication can be implemented at many 
stages - from biological samples through to microarray slides. 

Owing to the enzyme-catalysed transcription reactions, a large amount of 
variation occurs during the probe-making stages in microarray experiments. Our 
work indicated that replicates should be made at this step and a minimum of six 
replicate probes are made for microarray experiments (Wildsmith et al., 2001). 
These can be pooled or hybridised separately onto six microarray slides. 

Lee et al. (2000) have examined the effect of the different location of cDNA 
spots on the glass slides and concluded that replicates are essential to provide 
meaningful data and to enable reliable inferences to be drawn. 

With regard to commercially available gene chip systems, such as that avail- 
able from Affymetrix (see Figure 13.4), the variation between chips, within a 
batch, is likely to be low due to stringent quality control and highly automated 
manufacture. The use of an automated wash station also reduces variability in 
intensities between chips. However, using a multi-step approach in the probe 
preparation and subsequent antibody binding steps may lead to variation between 
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Figure 13.4 The GeneChip® Instrument System. From left to right, the hybridisation sta- 
tion, scanner and workstation. Image courtesy of Affymetrix. A colour version of this figure 
appears in the colour plate section 

replicate, samples prepared on different days. Pooling of reagents within an 
experiment, and analysing controls together with treated samples, will both 
reduce the variability within a given experiment. 

Conduct of Experiment 

At this stage some attention may be required for verifying and validating pro- 
cesses. For example, checking that the imaging instruments give consistent 
results across the slide, on repeat use and from day to day. If two imagers 
are used it is important to verify that the results from both machines are com- 
parable. Some laboratories read fluorescence of one channel and then adjust the 
laser intensity of the second channel in order to obtain comparable readings. 
This is a method of normalising for the difference in intensities of fluorophores. 
It is important to be aware that this approach has a number of drawbacks. The 
arbitrary value of the second laser intensity setting will vary from experiment 
to experiment; thus comparisons of this channel cannot be made across experi- 
ments. Also the response of the fluorophore may not be linear across the laser 
intensity settings and this can lead to additional errors. 

Another area for investigation prior to running the study itself is the image 
analysis component. Depending on the software used, the image analysis pack- 
age may process the data to some extent, for example automatic background 
subtraction. Full understanding of the software is required so that it is clear at 
what point the data are 'raw', and the extent of inherent, inseparable manip- 
ulation. Effort may be required to determine the optimum settings for any 
software parameters. 

As data are generated it is important to be aware of the data integrity - for 
example ensuring that all data are collected, so that there are no missing data that 
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Figure 13.5 The relative fluorescence units (RFUs) of 1248 genes on seven microar- 
ray slides that were. hybridised with cDNA made from. the liver of-a .rat. treated with 
acetaminophen. Note the gene outliers at approximately gene number 480 

can complicate analysis later. The researcher may be intuitively aware of any 
spurious results and should be alert for anything extraordinary that could indi- 
cate problems, for example hybridisation intensities appearing inconsistent from 
sample to sample. Data analysis at this point can be a rapid indicator of dubious 
results. For example. Figure 13.5 shows a plot of' the fluorescent intensities of 
1248 genes that were hybridised with probe derived from aoetaminophen-treated 
rat liver tissue. The data appear consistent, with the exception of peaks in inten- 
sity on one slide at around gene 4800. Further investigation of the microarray 
revealed a large artefact that had been missed by the image analysis process 
(Figure 13.6). 

Raw Data Generation and Storage 

One issue that arises when carrying out microarray analyses is how much data 
to store and in what form. For Good Laboratory Practice (GLP) purposes, often 
required in industry, storage of the raw data is necessary. This could be construed 
as the microarray image. Storing the image analysis results requires far less 
storage space and is easier to visualise, but it has the drawback that image 
analysis cannot be redone should superior software be available in the future. 
In reality, the methods used for microarrays are continually changing and the 
likelihood of revisiting old images on which the analysis has been performed, 
using outdated protocols is quite small. 
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Figure 13.6 Portion of scanned image showing region where artefact occurred that caused 
very high signals, which were classed as outliers 

Pre-processing 

A number of pre-processing steps are often used in microarray analysis. These 
include filtering, log transformation, normalisation and background subtraction. 
Filtering may be used before or after transformation in order to extract data 
from preferred regions of interest, or in order to remove outliers (see the 
above example relating to image analysis artefact). One example of filtering 
is the removal of individual gene replicates that lie outside a given number (for 
example S) of standard deviations from the mean. Alternatively, data points that 
lie in the top/bottom few percentiles (e.g. 0.1%) of the data can be removed. This 
method of removing outliers is also called 'trimming*. It is acceptable if there 
is a large volume of data where only a small proportion of data is removed and 
if the same method is applied consistently across all data. Care must be taken 
in the way in which this is carried out in order not to delete genuine data. For 
example, if one gene is consistently high or low in expression across replicates, 
then it is unlikely to be an outlier. 

Another method of detecting outliers is to plot all genes (see the section 
'Conduct of experiment' above) or to perform PCA analysis (see the section 
'Multivariate analysis' below) to detect replicate outliers. The use of a PCA 
plot to detect outliers is shown in Figure 13.7. 

Log transformation of data is accepted universally because the fluorescence 
data that are generated from microarrays tend to be skewed towards lower val- 
ues. There are scientifically valid reasons why ratios of raw expression values 
should not be used (Nadon and Shoemaker, 2002). When using two-colour 
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Figure 13.7 PCA plot of data used in Figure 13.4 showing one microarray (number 2) as 
an outlier 

hybridisations it is common to express the ratio of treated to control as a loga- 
rithm in base 2 (Quackenbush, 2001). Thus genes up-regulated by a factor of 2 
have a log 2 (ratio) of 1, and genes down-regulated by a factor of 2 have a log 2 
(ratio) of — L 

Normalisation and background subtraction techniques are methods of data 
manipulation and their use is more subjective and often debated. The purpose of 
these techniques is to reduce the error (variability) that occurs between replicates 
and thus enable a comparison of data across samples. 

The theory behind background subtraction is that during hybridisation there 
will be non-specific binding to the slide. This will effectively 'darken' the 
image and give falsely high readings of fluorescent intensity. Correcting for 
the non-specific hybridisation should reduce error due to background staining. 
Background subtraction often occurs automatically in microarray image analy- 
sis packages. The software may circle the spot of interest and use the region 
beyond the periphery as the measurement of background. In cases of uneven 
hybridisation this method enables locally high background to be subtracted on 
a regional basis. One criticism of this approach is that the slide surface beyond 
the periphery is not similar, in chemical terms, to that where the nucleic acid 
has been deposited, and therefore cannot act as a real control for non-specific 
binding. A more accurate measurement of non-specific binding can be gained 
from using a region where spotting chemicals have been deposited, but no target 
is present. This concept is the basis of a method using local 'blank spots' (Wu 
etai, 2001). 

A number of methods exist for normalisation of data. These include normal- 
ising to total signal or to a 'known' spot or gene, standardisation, or proprietary 
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methods. Normalising to total signal is the simplest approach, whereby the gene 
intensity is expressed as a percentage or proportion of the signal intensity for the 
entire array. This method works best when the total intensities for the microar- 
rays are similar and the number of changes is small, compared with the number 
of genes. However, we often find, when using arrays of around 1000 genes, that 
pathological disease can up-regulate a large number of genes simultaneously. In 
this case, when total signal normalisation is applied, highly up-regulated genes 
will appear less up-regulated and genes that do not change from the control will 
appear down-regulated. 

Normalisation to a control value is a more popular technique. A control value 
can be obtained from using a gene known to remain constant under the condi- 
tions of the experiment. DeRisi et al. (1997) used a panel of 90 housekeeping 
genes for. normalisation, but found considerable variation in their gene expres- 
sion. Unfortunately it is very difficult to know with certainty that a gene will 
not change and there is evidence to suggest that so-called 'housekeeping genes' 
are variable (Savonet et al., 1997). Other control genes can be derived from an 
alternative species; these should not be expected to hybridise. We have used 
yeast and Arabidopsis genes as negative controls for hybridisations of rat tis- 
sues. No orthologs were known to the genes selected; however, in. most. cases 
non-specific binding occurred. 

If two or more microarray replicates appear to be different, but they are 
expected to be the same, then they can be standardised. An example of this 
might occur if the total intensity of one microarray is greater than another, but 
the genes are proportionally equally up- or down-regulated. If the microarray 
sample spot data are assumed to be drawn from a normal distribution, then the 'z- 
transform' can be used. This requires that the mean and the standard deviation of 
the intensity values for each microarray are determined. The mean is subtracted 
from each individual gene value and the remainder is divided by the standard 
deviation. The intensity values from each microarray will then have the same 
mean and standard deviation. This has the advantage of facilitating comparison 
of microarrays with different dynamic ranges as well as total intensities. If the 
data are not normally distributed, then alternative non-parametric methods can 
be used, such as normalising to the median. 

Univariate Analysis 

Univariate methods of analysis involve examining one variable, or gene, at a 
time. This can be a very laborious task when examining a large volume of 
data, yet it is the preferred method of biologists. The simplest technique is to 
compare control and treated values and express the result as a 'fold-change' 
ratio. Typically, when examining small volumes of data, fold changes greater 
than 2 and less than 0.5 are considered meaningful (Quackenbush, 2001). This 
cut-off is essentially arbitrary and has the distinct drawback that microarray data 
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are not homoscedastic; that is, there is more variation about the mean at low 
values than there is at high values (Draghici, 2002). 

A second method for finding up- or down-regulated genes uses the standard 
deviation (SD) of the replicate gene data. Thus if changes greater than, say, 2 
SD from the log mean ratio are considerably greater than changes associated 
with 'noise', then they are considered significant This technique means that 
when looking at a large number of genes that are normally distributed there will 
be up- and down-regulated genes, regardless of whether there are (biological) 
changes (Draghici, 2002). 

Rather than using arbitrary cut-off values it is far more meaningful to express 
the fold-change in terms of either confidence intervals, or a 'p-value' (that 
is, the probability of the value occurring by chance). Thus, a fold-change of 
1.1 may be associated with a p-value of 0.001 and thus the probability that 
the gene is not up-regulated is 1 in 1000. Naturally, such small fold-changes 
may then be queried in terms of biological significance. One must then ask 
the question: Are large fold-changes more important (biologically) than small 
ones? Simple calculation of p-values for two data sets can be obtained using 
r-test functions in standard spreadsheet software. A number of replicates are 
necessary" for this approach, and the data* must be normally distributed. We 
have recently developed a method for calculating p-values for fold-changes that 
is not influenced by the distribution of the data or outliers and applied it to 
TaqMan™ and microarray data. Other complex and computationally intensive 
methods for calculating p-values are described in Draghici (2002) and Nadon 
and Shoemaker (2002). 

Multivariate Analysis 

Multivariate analysis of gene expression data is becoming increasingly popu- 
lar in the microarray community and in other biological domains where large 
volumes of data are generated. Multivariate analysis methods include princi- 
pal component analysis (PCA), factor analysis, multivariate analysis of variance 
(MANOVA) and cluster analysis. Currently, cluster analysis is the most widely- 
used method in the microarray community but PCA is growing in popularity 
(Crescenzi and Giuliani, 2001; Konu et al., 2001). 

Quackenbush (2001) provides a good review of clustering tools that is rather 
unique in the regard that different clustering algorithms and linkage methods 
are presented. Clustering methods are unsupervised, and they are powerful tools 
for gaining insight into huge data sets. They enable the data to be partitioned 
in order to facilitate interpretation; however, they do suffer from subjectiv- 
ity. This is because the user selects various parameters, such as the algorithm 
used, linkage type, distance metric and, sometimes, cluster size. Whatever the 
data, clusters will always be identified, thus there is also a tendency to over- 
interpret the data - trying to attach meaning to clusters that may have no bio- 
logical relevance. 
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Software available for cluster analysis includes Cluster, the output of which 
is viewed in Treeview; both available from http://rana.stanford.edu/ 
software. This tool is particularly useful for clustering genes to identify genes 
that are co-regulated. 

The PCA is a visualisation tool that enables complex, high-dimensional data 
to be represented in two or three dimensions. It facilitates identification of groups 
of similar data, thus enabling inferences to be made about the samples. 

An example is shown in Figure 13.8. The figure shows the gene data for one 
sample (control rat liver) that was hybridised to seven microarrays according 
to the method used in Wildsmith et al. (2001). Each microarray contained two 
replicate gene sets; thus there were 14 replicate gene sets in total. The gene sets 
comprised 1248 genes (with controls). All the data (14 x 1248 data points) was 
input into the analysis and the PCA plot displays the 14 replicates individually. 
The two axes are principal components 1 and 2. Principal component 1 (PCI) 
accounts for 65.5% of the variation in the data, whereas PC2 represents only 
13%. This means that the model accounts for 78.5% of variation in the data. 

The first principal component (PCI) accounts for as much as possible of 
the variation in the.original data and subsequent components (e.g. PC2) are of 
decreasing importance. Thus, samples 8 and 9 are very different from' samples 1 
and 2. In terms of interpreting the PCA plot, it is immediately clear that there are 
three or four distinct clusters of data. These are marked by circles. Datapoints 
tend to cluster in pairs; for example replicates 1 and 2, 3 and. 4, 5 and 6, 
etc. These are the duplicate gene sets on the same microarray. This indicates 
that the variation within the microarray is lower than the variation between 




Figure 13.8 PCA plot of the microarray results from seven slides (2690, 2692, 2723, 2869, 
2876, 2879, 2880), each with two replicate spot sets (labelled 1-14), after hybridisation with 
control rat liver. See text for explanation 
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replicate microarrays. However, given that the same sample is applied to all 
the microarrays, we must ask why we get further separation of the replicates. 
The answer lies in the associated data. The four-digit numbers associated with 
the clusters are the microarray slide numbers that indicate when they were 
printed. Numbers that are more similar seem to be more closely related, and thus 
we can hypothesise that there were some differences between the slides, such 
as differences in slide backgrounds or changes during the printing process or 
change-over of batches, between slides in the 2600-2700 region and the 2800s. 

The PCA provides a clearer overview of the data than does cluster analy- 
sis. It is a rapid method for gaining an insight into the results, in particular 
where biological meaning can be attached to the components (Crescenzi et ai, 
2001). There are a number of packages for multivariate data analysis, including 
SIMCA-P (Umetrics, AB, Umea, Sweden) and The Unscrambler (Camo ASA, 
Norway), both of which are useful for PCA. 

Other tools for data visualisation include software packages such as Spot- 
hre.net (Spotftre Inc., Cambridge, MA, USA) and GeneSpring (Silicon Graphics, 
San Carlos, CA, USA). Spotfire is particularly useful for visualisation of mul- 
tidimensional data and for visualisation of temporal data. It is possible to use 
these tools to identify genes that are co-ordinately expressed over time. 

Biological Interpretation 

After developing a sound experimental strategy, ensuring that the results are 
statistically valid, and after analysis of the data, it is down to the biologist to 
assemble the pieces of information that have been obtained. This intertwined 
information may include unexpected results that are contradictory to intuition or 
to published literature. One way to untangle the data is to map the relevant genes 
onto existing pathways and known functions. The Kyoto Encyclopedia of Genes 
and Genomes (KEGG), available at http://www.genome.ad.jp/kegg/, is a 
useful source of information, especially where the gene products are enzymes. It 
enables visualisation of the position of up- or down-regulated genes in metabolic 
pathways. 

The gene expression data obtained may differ from protein expression data, 
or information on gene product activity or location. When initiating a study 
it is useful to consider additional endpoints that can assist in the interpreta- 
tion of the data. For in vitro studies, these might include cytotoxicity endpoints, 
metabolites, key signalling molecules or perhaps protein expression. Waring 
et al. (2001) used tetrazolium dye reduction (MTT) as a measure of hepatocyte 
cell viability for their studies of gene expression in response to hepatotoxic 
insult. For in vivo studies, expression information on the tissue of interest could 
be supported by pathology, histology and blood chemistry measurements. Gene 
expression results could be confirmed by in situ hybridisations or protein activity 
assays. 
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13.4 Recent examples of microarray applications 

One area of rapid progress using microarray technology is the increased under- 
standing of cancer. Molecular pathologists are subgrouping cancers of tissues 
such as blood, skin and breast, based on differential gene expression patterns. 
For example, within a small group of breast cancer tissue samples, Perou et al. 
(2000) distinguished two broad subgroups representing those expressing or alter- 
natively lacking expression of the oestrogen receptor-a gene. The work was not 
conclusive, but never has progress in this field been so rapid when compared 
with the previous methods of gene identification. 

Another example of the impact of this technology is in the identification of 
two biomarkers for, prostate cancer, namely hepsin and PIM1 (Dhanasekaran 
etai, 2001). 

Microarray technology has also accelerated the understanding of the molecu- 
lar events surrounding pulmonary fibrosis. Specifically, two distinct clusters of 
genes associated with inflammation and fibrosis have been identified in a dis- 
ease where, for years, the pathogenesis and treatment have remained unknown 
(Katsuma etal., 2001). 

13.5 Conclusions 

Important factors in gene expression experiments include sensitivity, precision 
and reproducibility in the measurement of specific mRNA sequences (Schmittgen 
et al., 2000). These quality metrics can be maximised by using, or fabricat- 
ing, high-quality microarray s, and by optimising each step of the microarray 
process. From conception to conclusion it is important to bear in mind the 
original hypothesis. 

Having considered the complexity of the microarray experiment, the value 
obtained from a meticulously designed experiment should not be underesti- 
mated. As the number of high-quality gene expression studies increases, we hope 
that the literature will contain increasingly detailed information that will help 
interpret complex gene expression changes, and thus elucidate the mechanisms 
of disease. 
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INCREASING NUMBERS OF HUMAN Dis- 
eases, both acquired and genetic, are 
being considered to be based at least 
in part on alterations in DNA se- 
quence. For most diseases, inheritance 
and "acquisition are likely to be com- 
plex and polygenic. The efforts of the 
Human Genome Project to ehiddate the 
structural genetic background by iden- 
tifying the chromosomal positions and 
genomic organization of between ap- 
proximately 30 000 and 35000 human 
genes are nearly complete. 1 Based on this 
structural knowledge, a byproduct 
should be a better "scaffolding" to help 
link specific genes to susceptibility to 
various human diseases. However, to un- 
derstand how the products of these ge- 
netic linkages work together to orches- 
trate the initiation and progression of 
particular complex diseases, there will 
be a need to apply a functional genetic 
rather than a structural genetic ap- 
proach. 1 - 3 

Until recently, functional genetic 
studies have generally been of limited 
scope, only able to elucidate the role of 
1 or a few genes at a time in 1 system. 
Information on the specificity and rela- 
tive abundance of expression prod- 
ucts has traditionally been obtained by 
techniques such as RNA Northern blot 
hybridization and ribonuclease protec- 
tion assays. Somewhat more sophisti- 
cated methods, such as differential dis- 
play 1 and Serial Analysis of Gene 
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DNA microarrays represent a technological Intersection between biology and 
computers that enables gene expression analysis In human tissues on a ge- 
nome-wide scale. This application can be expected to prove extremely valu- 
able for the study of the genetic basis of complex diseases. Despite the enor- 
mous promise of this revolutionary technology, there are several Issues and 
possible pitfalls that may undermine the authority of the mlcroarray plat- 
form. We discuss some of the conceptual, practical, statistical, and logisti- 
cal Issues surrounding the use of microarrays for gene expression profiling. 
These Issues Include the Imprecise definition of normal in expression com- 
parisons; the cellular and subcellular heterogeneity of the tissues being stud- 
led; the difficulty In establishing the statistically valid comparability of ar- 
rays; the logistical logjam In analysis, presentation, and archiving of the vast 
quantities of data generated; and the need for conflrmatlonal studies that 
address the functional relevance of findings. Although several complicated 
issues must be resolved, the potential payoff remains large. 
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Expression,' have been used to screen 
larger numbers of complementary DNA 
(cDNA) clones. However, technical 
limitations render these techniques 
nonconducive to large-scale genetic 
survey. 

To this end, a powerful new tech- 
nology is emerging, using hybridiza- 
tion to nucleotide arrays, the so-called 
gene chips.*- 7 This technological inter- 
section of biology and computers en- 
ables the reliable screening of a vast 
number of genes simultaneously and is 
amenable to automation. On a nylon 
membrane or glass surface, gene- 
specific cDNAs can be spotted, or oli- 
gonucleotides can be synthesized in situ 
by a combination of photolithography 
and oligonucleotide chemistry. This 



permits simultaneous monitoring of the 
expression of thousands of genes in a 
single step. Individual chips can be cus- 
tomized to include any chosen set of 
fully or partially characterized ge- 
nomic or expressed sequences. Chips 
can monitor over 50000 unique se- 
quences. The power of these chips lies 
in the potential for comparative cxpres- 
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Definition 
of Normal 



sion studies in diseased vs normal 
samples, and in documenting changes 
at different stages during the natural 
course of the disease or in response to 
treatment. It provides the researcher 
with a new arsenal to analyze under- 
lying paihomechanisms on a grand scale 
and also to review the rationale of thera- 
peutic concepts. 

However, despite the enormous po-. 
tential of this revolutionary technol- 
ogy, there are several issues and pos- 
sible pitfalls that attenuate the power 
of mfcroarrays. First, the definition of 
normal in expression comparisons is 
neither precise nor unambiguous. Sec- 
ond, the heterogeneity of the tissues 
being studied complicates the mean- 
ing of the expression profiles. Third, the 
statistically valid comparability of ar- 
rays is an unresolved problem. Fourth, 
the vast quantities of data create a lo- 
gistical logjam for analysis, presenta- 
tion, and archiving. Finally, confirma- 
tional studies are needed to corroborate 
the biological significance of microar- 
ray data (FIGURE 1). 

TROUBLE WITH NORMAL 

The standard normal vs diseased tis- 
sue type of comparison, which is the ba- 
sic design foundation of profiling stud- 
ies, may be more quicksand than 
bedrock. Normal is not so easy to de- 
fine — neither is diseased. Gene expres- 
sion in normal tissue is likely to be de- 
pendent on several factors involving 
patient and sample variation. These fac- 
tors will also have an impact on expres- 
sion profiles of diseased tissue. 

Patient Variation: Ethnicity, 
Son, Age, Genetic Background, 
Disease States 

The ethnidty, sex, age, and genetic back- 
ground of a patient are likely to affect 
the gene expression profiles of many tis- 
sues to varying extents."'* A simple ex- 
ample is provided by the expression pro- 
files of genes involved in scalp and body 
hair follicle activity, which can be ex- 
pected to vary over a normal range un- 
der the influence of all of these sources 
of patient variation. The effects of these 
parameters on gene expression are likely 
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Figure 1. Possible Pitfalls in Microarray Gene Expression Profiting Analysis 
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There are teuei that complicate each step of microarray gene expression analysis. 



to be subtle bu t pervasive, not fully un- 
derstood at this time, and quite prob- 
lematic for defining normal. 

The presence of disease in a subject 
who is the source of tissue for control 
purposes, presents further potential 
variabilities. For example, there maybe 
a significant difference in the conclu- 
sions reached by 2 similar microarray 
expression profiling studies. One may 
compare genes expressed in a pa- 
tient's diseased lung tissue with those 
expressed in normal, nondiseased lung 
tissue from the same patient, and an- 
other may compare genes expressed in 
the same patient's diseased lung tissue 
with those expressed in normal, non- 
diseased lung tissue from a healthy con- 
trol or normal individual. Moreover, it 
is also possible that seemingly unre- 
lated disease states may Influence gene 
expression at distant sites. For in- 
stance, the presence of diabetes in 1 of 
2 renal cancer patients may compli- 
cate the direct comparison of renal 
tissues. 

Sample Variation: Proximity 
to Disease, Anatomic Location, 
and Developmental Range 

Yet another complication derives from 
ihe proximity of the normal tissue used 
as a control for the diseased tissue. Tis- 
sue adjacent to an area of disease may 
not be normal despite absence of evi- 
dence of disease clinica lly or under the 
light microscope. Normal-appearing tis- 
sue near a tumor could, for example, 
be genoiypically altered or exhibit an 
altered gene expression profile. 10-0 



Moreover, factors such as the degree of 
disease-associated inflammation may 
have a significant impact on gene ex- 
pression profiles. Other bystander ef- 
fects, epiphenomena, of secondary dis- 
ease processes could all play important 
roles in determining expression pro- 
files within these adjacent, so-called 
normal tissues. These factors must be 
considered in the choice of normal. 

The precise location within a par- 
ticular organ may be another impor- 
tant factor that affects gene expres- 
sion.' For example, just as location 
relative to the urethra may influence ex- 
pression profiles in the prostate, 11 skin 
from the nose, back, and palm are cer- 
tain to have different expression pro- 
files as well, despite all being from the 
same organ. Thus, site and specific ana- 
tomic location must also be taken into 
account in a description of normal. 

It must also be kept in mind that the 
definition of normal actually repre- 
sents a dynamic state." All tissues, 
which are composed of early and late- 
stage cells, have a normal developmen- 
tal range: For example, normal epithe- 
lium in prostatic ducts ranges from 
atrophic to resting to hyperplastic, and 
each has a unique pattern of gene ex- 
pression." 

A 3-dimensional analytic approach is 
a strategy that has been used to address 
some of these concerns aboul defining 
normal. Cole et al 14 used a 3-dimen- 
sional model to characterize the entire 
prostate gland in theirstudy of gene ex- 
pression profiles in prostate cancer. In 
this study, whole-mount prostactec- 
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tomy specimens were divided into trans- 
verse cross sections such that the entire 
prostate gland, including the complete 
spectrum or normal epithelium and tu- 
mor progression, was available for view- 
ing, microdissection, and microarray 
analysis. This method was used to de- 
termine the exact physical relationship 
of the normal ducts, premalignant le- 
sions, and tumors — thus obtaining an 
anatomic framework on which to over- 
lay gene expression data. This tech- 
nique offers several advantages over the 
normal vs tumor comparison. Previous 
studies had used normal epithelium in 
prostatic ducts as a baseline control 
against which to compare and contrast 
tumor gene expression profiles. How- 
ever, the expression profile of this nor- 
mal epithelium is affected by proximity 
to tumor, location within the gland, and 
developmental state. 11 These factors can 
be better appreciated using a 3-dimen- 
sional approach. 

Disease-Related Variation 

Of course, many of the parameters that 
affect normal expression profiles (pa- 
tient ethnicity, age, sex, and genetic 
background, location within an or- 
gan, and developmental stage) will also 
affect disease expression profiles.""" 
Disease heterogeneity, including sub- 
type, activity, severity, stage, and pre- 
vious as well as current treatments, also 
may have a significant impact on gene 
expression. 10 "" 

Categorizing and subgrouping pa- 
tients on entry into a study may be use- 
ful to control for as many of these fac- 
tors as possible. However, there may be 
problems surrounding attempts to de- 
fine microarray-based categorization on 
the basis of another imperfect categori- 
zation system, such as histology, as these 
groups are sometimes arbitrary or in- 
consistently designated. Nevertheless, de- 
termining whether gene expression pro- 
files correlate with existing clinical or 
histological categories can provide new 
insights into the meaning of these cat- 
egories as can new methods of classify- 
ing cancers or other diseases into spe- 
cific diagnostic categories based on their 
gene expression signatures. Several stud- 



ies have been able to establish expression- 
based criteria (class predictors) for pre- 
existing categories and then use these 
new criteria to categorize new cases (class 
prediction). 1 " 1 ' Global profiling may also 
allow the development of new classifi- 
cation systems based on gene expres- 
sion alone (class discovery)."-" 

Thus, when possible, it will be of 
value to profile a range of normal and 
diseased cell populations from a num- 
ber of patients to distinguish between 
differences in expression that are rel- 
evant to the disease process and those 
reflecting the biological spectrum of the 
normal tissue or that have occurred for 
reasons unrelated to the disease. The 
significance of this distinction, is fur- 
ther appreciated when taking into ac- 
count the vast quantity of data gener- 
ated from microarrays and the potential 
for confounding interpretation from the 
inclusion of differential expression un- 
related to disease processes. 

It is worth noting, however, that the 
issues of patient and sample variability 
are not unique to microarray experi- 
ments. In fact, microarray experiments, 
in contrast to classic single-gene experi- 
ments, may actually provide the tools for 
identifying this heterogeneity. For ex- 
ample, DNA microarrays have been used 
to explore physiological variation in gene 
expression on a genomic scale in 60 cell 
lines derived from diverse tumor tis- 
sues.-" Cluster analysis allows the iden- 
tification of prominent features in gene 
expression patterns that appear to re- 
flect molecular signatures of the tissue 
from which the cells originated." 

HETEROGENEOUS CELL 
POPULATIONS 

A further complication encountered with 
expression profiles is that any given tis- 
sue is composed of several cell types, 
members of which are likely to be within 
a spectrum of dynamic functional states. 
For example, a simple punch biopsy of 
the skin may contain keratinocytes, me- 
lanocytes, Langerhans cells, Merkel cells, 
adipocytes, smooth muscle cells of ar- 
rector pili, striated muscle cells of the 
panniculus camosus, blood cells includ- 
ing immune system cells, and cellular el- 



ements of blood vessels, nerves, hair fol- 
licles, sebaceous glands, and sweat 
glands. Moreover, cells from each of these 
populations will be at various stages of 
development and levels of activation, per- 
forming different functions and respond- 
ing to disease processes or treatments in 
different ways and to varying extents. The 
result is a highly heterogeneous sam- 
pling of cells, each expressing a unique 
set of genes. An expression profile gen- 
erated from a microarray study of the 
RNA in such a sample will thus repre- 
sent merely a snapshot of the genes ex- 
pressed by a plethora of cells at a mo- 
ment in time. Such extensive cellular 
heterogeneity complicates the ability to 
draw conclusions about specific pro- 
cesses occurring within a tissue speci- 
men. An illustrative example is pro- 
vided by Stanton et al, N who used 
microarrays to identify genes differen- 
tially expressed during myocardial in- 
farction. The expression profiles they 
studied represented transcripts from cell 
populations as diverse as immune sys- 
tem cells, which migrated to the infarct 
region and are responsible for the in- 
flammatory response, cardiac myocytes 
within the ischemic area undergoing 
apoptosis and necrosis, fibroblasts un- 
dergoing proliferation and participat- 
ing in the formation of scar tissue to re- 
place the infarct, and cardiac myocytes 
undergoing hypertrophy to compen- 
sate for the loss of cells in the infarct 
area." The issue of such cellular hetero- 
geneity was avoided by categorizing the 
differentially expressed genes into func- 
tional categories to look for patterns in- 
dicative of cardiac remodeling without 
attempting to attribute specific tran- 
scripts to specific cell types. For gene ex- 
pression studies involving samples with 
mixed cellular populations, further in- 
vestigation, such as with in situ messen- 
ger RNA (mRNA) hybridization, maybe 
necessary to localize the transcripts be- 
fore conclusions can be drawn about the 
roles of specific genes in specific cell types 
during the disease process. 

Laser Capture /Microdissection 

An ingenious but technically delicate 
approach to the study of complex bio- 
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logical samples has become possible 
with the development of laser capture 
microdissection (Figure 2). m This tech- 
nique allows for the rapid and accu- 
rate procurement of cells from spe- 
cific areas of tissue under direct 
microscopic visualization, and thus 
makes the molecular genetic analysis 
of defined populations in their native 
tissue environment possible." Sgroi et 
al M demonstrated the feasibility of com- 
bining laser capture microdissection 
with high-throughput cDNA arrays. 
They showed that in vivo subpopula- 
tions of malignant cells from multiple 
stages of breast cancer progression 
could be separated from nonmalig- 
nant populations, and their expres- 
sion profiles could subsequently be ana- 
lyzed using microarrays. 

The po tential is powerful. Specimens 
could be separated into tissue layers; for 
example, separating a skin biopsy into 
epidermis, dermis, and hypodermis. Tis- 
sues could be further differentiated Into 
specific structural components, such as 
dermis into blood vessels, adipose, ar- 
rector pili, and sebaceous glands. Struc- 
tures could be separated into defined cell 
types, such as blood vessels into endo- 
thelial cells, erythrocytes, and lympho- 
' cytes. Cell types could even be sepa- 
rated into marker-defined subtypes, such 
as lymphocytes into CD4 and CD8 cells. 
Expression profiles from refined and de- 
fined structures and cell types likely 
would be extremely valuable in the study 
ofdisease. 

Potential aside, there are significant 
limitations to this technology at the pres- 
ent time. The standard protocols for fix- 
ing and embedding tissue samples from 
surgical resections were not designed 
to be compatible with microarray ex- 
periments, with or without laser cap- 
ture microdissection. Typically, tissue 
suspected of being important for diag- 
nosis and staging is processed through 
aldehyde-based fixatives, such as for- 
malin, which damage mRNA integ- 
rity." If frozen tissue is available, mRNA 
can be recovered and studied from dis- 
sected cell populations. However, fro- 
zen tissue sections are technically dif- 
ficult to prepare, the histology is often 



Figure 2. Laser Capture Microdissection 
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A, Tissue sections are processed and placed on a microscope slide under a thin, transparent thermoplastic film, 
which is attached to a movable cap. Visualizing the tissue microscopically, a short-duration, focused pulse from 
an Infrared carbon -dioxide laser b used to activate and melt the film to selectively adhere cells within targeted 
areas of Interest B, When the cap Is lifted, the film, with selected cells still bound, Is removed from the tissue 
section for further processing !o retrieve cellular materials (eg, DNA, RNA, proteins). 



severely compromised, and the tissue 
available may contain only a limited 
portion of the lesion." 

Moreover, the sample amounts gen- 
erated from laser capture microdissec- 
tion can be small, even as miniscule as 
a single celL M Consequently, the yields 
of RNA are low. Arrays have a thresh- 
old for the quantity of molecular starl- 
ing material: at least 5 to 15 ug for oli- 
gonucleotide arrays and between 2 and 
100 pg for cDNA arrays, depending on 
the manufacturer, the source of the 
RNA, and the use of signal amplifica- 
tion." 40 Studies that have successfully 
integrated laser capture microdissec- 
tion with microarray technology have 
used samples of approximately 1 X 10* 
to 1 X 10 5 cells with 95% to 98% ho- 
mogeneity as determined by micro- 
scopic visualization. 16 -'" If needed, am- 
plification techniques may be used to 
generate su fficient genetic material for 
microarray hybridizations/" Laser cap- 
ture microdissection is an intriguing 
technology, but time will tell whether 
its potential is realized. 

Although some biological issues re- 
lated to gene expression may be com- 
plicated by the presence of heterog- 
eneous cell populations in studied 
samples, it is also true that some bio- 
logical conditions can be understood 
only in the context of these heterog- 
eneous cell populations. The nature of 



global gene expression experiments is 
to uncover differences between 2 bio- 
logical samples, including those differ- 
ences based on diverse cell popula- 
tions. For example, to appreciate a 
disease that is characterized by an in- 
flammatory infiltrate, it must be un- 
derstood that the Inflammatory infil- 
trate is part of the disease and is part 
of the difference between diseased and 
nondiseased tissue. Thus, the isola- 
tion of specific cell populations for 
study is not necessarily required or even 
desirable in all instances. 

MAKING MICROARRAYS 
COMPARABLE 

Ideally, microarray experiments should 
be comparable both within and be- 
tween laboratory or manufacturing sys- 
tems, but obtaining consistent and com- 
parable data is a critical challenge for 
microarray-based expression analysis. 
Major sources for the observed vari- 
ability of microarray data include the 
normal physiological gene expression 
variations in different samples and the 
noise introduced in the microarray as- 
say process.'' 1 

Physiological Gene 
Expression Variation 

Inextricably linked to the issues of pa- 
tient and sample variability and tissue 
heterogeneity discussed above, is the 
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problem of normal gene expression 
variations and how to distinguish these 
variations from significant disease- 
associated changes. Pew studies have 
systematically investigated physiologi- 
cal expression changes, but data from in 
situ hybridizations suggest that normal 
variance for many tightly regulated tis- 
sue-specific genes can be within 20% to 
30%.'" However, there can be as much 
as 2- to 4-fold random fluctuations for 
many genes in yeast. 13 '' 1 Affymetrix 
(Santa Clara, Calif) guidelines have sug- 
gested that for most of the "housekeep- 
ing" genes in human tissues, which are 
likely to be less tightly regulated, differ- 
ences of less than 4-fold are probably not 
biologically significant. 15 Conse- 
quently, a significant portion of micro- 
array data variability for high- or me- 
dium-abundance mRNAs may simply be 
due to normal expression variations. Sev- 
eral previous studies have used arbi- 
trary 2-fold change criteria to define sig- 
nificant expression change. 14 However, 
the 2-fold threshold has been shown to 
be statistically invalid even for dupli- 
cate experiments. 16 In a recent study that 
used cDNA microarrays to profile gene 
expression in samples of normal skin 
from breast-reduction surgeries, 71 of 
4400 genes were found to demonstrate 
variability in expression greater than 2 
SDs from the mean of each gene." Thes e 
included genes coding for transport pro- 
teins, gene transcription, cell-signaling 
proteins, and cell-surface proteins. Thus, 
physiological variation should be con- 
sidered in the analysis and interpreta- 
tion of nucrdarray data. More stringent 
criteria for defining significant expres- 
sion change may be useful. 

Noise In the Mlcroarray 
Assay Process 

For the tightly regulated (mostly low 
abundance) mRNA species, inconsis- 
tencies introduced at any stage of the 
microarray-based assay process may 
play a major role in data variability. 12 
Due to the miniaturization and the large 
number of genes involved, it is diffi- 
cult to maintain consistent processing 
conditions for each sequence across 
multiple assays, and obtaining accu- 
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rate absolute signals is unlikely. 11 Noise 
may be introduced by slide heteroge- 
neities, printing irregularities (eg, 
pin-to-pin variations), and spotting 
volume fluctuations. 18 Some of the sys- 
tematic variations may be reduced by 
the inclusion of controls, but random 
fluctuation at various manufacturing 
stages cannot be completely con- 
trolled and can accumulate quickly in 
a complicated assay. 18 

In certain microarray systems, 2 
samples are competitively hybridized to 
1 array using different fluors for label- 
ing. In other systems, there is only single- 
sample hybridization. A 2 -color system 
might be expected to be more reliable 
since variations in. spot size or amount 
of cDNA probe on the chip should not 
affect the signal ratio (both signals are de- 
rived from the same spot). However, this 
only holds Due if signals are well above 
the background in both detection chan- 
nels. 11 In fact, the signal level for most 
of the tightly regulated genes will likely 
be close to the background level. 12 In ad- 
dition, background level on a slide can 
also vary significandy from spot to spot 
due to factors such as unevenness in slide 
surface properties, dust contamination, 
and incomplete washing, leading to high 
levels of signal variability for \ow- 
abundance mRNA species even in 
2-color systems 11 

The high levels of variability of mi- 
croarray data also mean that subtle 
changes in experimental conditions 
may significantly alter the results, mak- 
ing it difficult for separate laborato- 
ries to compare experimental data. In 
addition, the lack of standard con- 
trols, the predominant use of relative 
signals (ratios), and the adoption of in- 
compatible data formats contribute to 
poor comparability between studies. 11 

Despite the hard-wired variability in- 
troduced by chip manufacturing con- 
ditions, most of the published studies 
to date using microarray-based expres- 
sion analysis include only limited num- 
bers of replicates. 1 ' In fact, many stud- 
ies conduct the experiment only once. 
Considering the potential sources of as- 
say variation, the need for sufficiently 
replicated studies is underscored." 

(Reprinted) ©2001 Amer 



Mlcroarray Data Normalisation 

Because of variability of microarray data 
for single sample arrays and for fur- 
ther analysis of 2-color system arrays, 
each must be brought into the same 
scale to compare 2 or more arrays. How 
to perform this normalization of gene 
expression levels across multiple ar- 
rays, thus removing systematic varia- 
tion between the arrays and rendering 
different experiments comparable, re- 
mains an issue that is not yet fully re- 
solved. 50 Many of the early microarray 
studies in the literature simply ig- 
nored this issue. A more statistically rig- 
orous approach is needed. 

One difficulty has been that leading 
microarray manufacturers have not 
published statistical error models for 
their products. Thus, users are un- 
clear how much to adjust data for varia- 
tions in spot intensity, hybridization 
patterns, and intensity measurement 
sensitivity. Software does exist to al- 
low for array-to-array comparisons by 
using a scaling factor to normalize gene 
expression patterns across arrays. How- 
ever, in general, these algorithms as- 
sume that intensity differences be- 
tween arrays are linearly related with 
a zero y-intercept. 51 This assumption al- 
lows software to trim the tails off dis- 
tributions of expression from differ- 
ent arrays at statistical cutoffs and then 
simply move the distributions along an 
axis to a common level to provide com- 
parisons. However, this linear relation- 
ship often does not hold true. 31 When 
the average expression level of 1 array 
is higher than that of a second array, a 
longer tail will be trimmed from the sec- 
ond array. Thus, a greater number of 
genes from the first array will be 
counted as .being expressed because 
their expression level is above the sta- 
tistical cutoff point. In this case, the 2 
arrays cannot be considered compa- 
rable. 

Although bioinformatic software has 
recently been developed that offers 
more statistically robust normaliza- 
tion, the cost of these commercially 
available programs (combined with the 
already expensive microarrays) has 
been prohibitive for many research- 
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ers.'° Standardization of these pro- 
cesses awaits the development of im- 
proved methods of normalization 
leading to valid statistical models widely 
available to all researchers. 

To this end, Schadt et al 51 have de- 
veloped a standard nonlinear curve 
technique for normalizing the data in 
arrays that do not demonstrate a lin- 
ear relationship between data sets. This 
model performs well when the 2 
samples being compared demonstrate 
a low number of differentially ex- 
pressed genes. However, when expres- 
sion profiles of 2 samples vary to a 
greater extent, Schadt et al" recom- 
mend a rank-selection method. Using 
this method, genes expressed on an ar- 
ray are ranked from highest to lowest 
level of expression. Then, for the ar- 
ray expressing a greater number of 
genes, the genes with the lowest ex- 
pression levels are removed from the list 
until the 2 arrays Hst a comparable num- 
ber of expressed genesiThis type of 
rank-selection method has gained sup- 
port from other groups, but it too has 
limitations.' 0 Removing low-expres- 
sion level data points restricts the study 
to the more extreme and easily de- 
tected entities, a technique that blunts 
the genomic-scale potential of micro- 
array technology. 

Efforts continue to Improve compa- 
rability between arrays. Jones 50 re- 
cently applied a statistical model to nor- 
malize spotted ctlNA array data that 
takes into account not only the differ- 
ences in numbers of genes expressed be- 
tween arrays, but also the interarray 
variations in fluorescent dye intensity 
and mechanical error occurring in the 
printing process. Nevertheless, the is- 
sue of how to properly normalize ar- 
ray data has not been settled. Research- 
ers must continue to demand statistical 
rigor in their comparisons before they 
can believe the mathematical results of 
their data. 

LOGISTICAL LOGJAM 

Microarrays deliver massive amounts of 
data on lens of thousands of genes. The . 
result is an immense quantity of bio- 
logical information that must be ana- 
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lyzed, presented, and archived in a 
meaningful way. 

Data Analysis 

In human studies, the number of hy- 
bridizations that can be performed for 
any set of experimental conditions is of- 
ten restricted by the limited number of 
obtainable tissue samples and by the ex- 
pense of arrays. Restricted numbers of 
hybridizations for each experiment 
hamper the ability to assess the bio- 
logical significance of variation within 
or between given sets of conditions. 
Thus, for the assessment of thousands 
of genes in a setting of limited hybrid- 
izations, the importance of reliable and 
sophisticated algorithms for data analy- 
sis becomes amplified. 51 

A logical beginning is to examine the 
extremes, that is, genes with signifi- 
cant differential expression in indi- 
vidual samples. For example, a com- 
parison of 2 samples can be visualized 
in the form of a simple bivariate scat- 
terplot in which the expression profile 
of 1 sample (x-axis) is plotted against 
that of the second sample (y-axis). The 
distribution pattern generally demon- 
strates that the expression ratios clus- 
ter around the line in which x is equal 
to y (indicating comparable levels), with 
individual genes falling varying dis- 
tances from this line. Additional lines can 
be placed on the scatterplot to repre- 
sent various fold changes of expres- 
sion. Data points that fall above or 
below these lines represent genes ex- 
hibiting expression ratios greater or less 
than the specified fold change. Thus, one 
can begin by examining those genes that 
demonstrate a 10-fold or greater change 
in expression level. To expand the num- 
ber of genes under investigation, one can 
examine genes that demonstrate a 5-fold 
or greater change, or a 3-fold or greater 
change, and so forth. Many studies de- 
fine a 2-fold or greater change in ex- 
pression level to represent significant dif- 
ferential expression. The 2-fold 
threshold, however, as noted above, has 
been shown to be statistically invalid/ 6 
Although this simple technique can be 
efficient and effective for focusing on ex- 
panding sets of differentially expressed 
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sequences, again, such an analysis does 
not take advantage of the full potential 
of genome-scale experiments to en- 
hance our comprehension of cellular bi- 
ology that would be provided by an in- 
clusive analysis of the entire repertoire 
of transcripts in a cell as it goes through 
a biological process. 11 A more holistic ap- 
proach, which allows the deciphering of 
patterns from the entire data set, is 
needed. 

Data Organization 
and Presentation 

Statistical algorithms can be applied to 
detect and extract patterns within pro- 
filing data. It Is a basic assumption of 
many gene expression studies that 
knowledge of where and when a gene 
is expressed provides information about 
the function of the gene. Therefore, an 
important beginning is to organize 
genes on the basis of similarities in their 
expression profiles. 51 However, even 
this basic tenet deserves critical con- 
sideration. Similarity of gene expres- 
sion profile does not mandate similar- 
ity of function or mechanistic pathway, 
and it may be purely coincid ental. Nev- 
ertheless, the idea of clustering genes 
on the basis of their expression pat- 
terns is well established and cluster 
analysis has become the most widely 
used statistical technique applied to 
large-scale gene expression data.' 1 

Although various cluster methods can 
usefully organize tables of gene expres- 
sion measurements, the resulting or- 
dered but still massive collection of num- 
bers remains difficult to assimilate. Thus, 
another important component of ge- 
nome-wide expression data explora- 
tion is the development of powerful data 
visualization methods and tools. Ap- 
proaches have been developed that pre- 
sent clustering results in simple graphi- 
cal displays such as dendrograms, which 
represent relationships among genes by 
a tree whose branch lengths reflect the 
degree of similarity in expression be- 
tween the genes. Similarity is mathemati- 
cally defined. 54 The computed trees can 
be used to order genes in the original data 
table such that genes or groups of genes 
with similar expression level patterns are 
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Figure 3. Real-Time Polymerase Chain 
Reaction (PCR) 
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A, Complementary DNA synthesis from source mes- 
senger or total RNA proceeds as with traditional re- 
verse transcriptase PCR. B, A dual-labeled fluoro- 
genlc probe (with a higher melting point Iron the PCR 
primers used for extension) Is annealed to the target 
sequence between the forward and reverie PCR prim- 
ers. A reporter (R) fluorochrome (usually 6-carboxy- 
fluorosceln) Is attached to the 5' end of the probe and 
a quencher (Q) molecule (usually 6-carboxy- 
tetramethyl-rhodamine) is attached to the 3' end. 
C. As Taq polymerase extends In the 5' to 3' direc- 
tion, the dual-labeled probe begins to be displaced from 
the target sequence. D. As the Taq polymerase con- 
tinues to extend, the 5' to 3' endonudease activity 
cleaves the reporter (R) molecule from the probe se- 
quence such that Its emission spectra (31 8 nm) are no 
longer quenched by the second (CO fluorescent dye. 
Fluorescence Is measured continuously throughout the 
PCR amplification In real time and Is proportional to 
the amount of PCR product generated In each cyde. 



placed adjacently. Clustering methods 
can also be combined with representa- 
tion of each data point with a color that 
quantitatively and qualitatively reflects 
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the original experimental observa- 
tions. 11 Visual assimilation is then more 
intuitive. 

Data Archiving and mining 

Ultimately, successful interpretation of 
gene profiling studies is likely to be de- 
pendent on the integration of experi- 
mental data with external information 
resources. As multiple experiments in- 
volving multiple cell types and tissues 
from multiple laboratory groups accu- 
mulate, data archiving may well be- 
come the watershed Issue. Ideally, all 
data, in a suitably standardized form, 
would be freely accessible in the pub- 
lic domain. Even assuming a willing- 
ness, to share the data, such Utopian 
goals would require a user-friendly and 
powerful database system and stan- 
dardization of correction and normal- 
ization procedures such that data points 
from various projects become compa- 
rable. 55 The National Center for Bio- 
technology Information Entrez sys- 
tem (http://www.ncbi.nlm.nih.gov 
/Entrez/) does provide useful data in this 
regard, but current databases may be 
limited in scope or computability. 53 A 
major focus of infrastructure develop- 
ment to support genomic-scale expres- 
sion studies will need to be in the area 
of electronic biological pathway data- 
bases and resources. 

CONFIRMATIONAL STUDIES 

The development of more sophisti- 
cated analytical algorithms and data- 
bases will help lend credence to the bio- 
logical significance of differential gene 
expression determined by microarray 
analysis. In the meantime, several stud- 
ies have begun to examine the sensi- 
tivity and specificity of microarray- 
based experiments. Sensitivity, defined 
as the minimum reproducible signal de- 
tected by a given array scanning sys- 
tem, has been reported for microar- 
rays to be approximately 10 mRNA 
copies per cell, which is slightly infe- 
rior to the sensitivity of Northern blot 
analyses. 5 "-" Specificity studies showed 
that for a given probe any nontarget 
transcripts with more than 75% se- 
quence similarity may show cross- 



hybrtdizatlon. 5 * The problem of clone 
misidentiflcation and the need for clone 
confirmation have also been ad- 
dressed. 18 Onestudy found that of 1 189 
bacterial stock cultures, only 62.2% 
were uncontaminated and contained 
cDNA inserts that had significant se- 
quence identity with published data for 
the ordered clones. 59 Thus, the use of 
sequence-verified clones forcDNA mi- 
croarray construction is warranted. 

Additionally, potential gene candi- 
dates can be assessed for relevance to 
disease using parallel technologies. Sev- 
eral such alternative platforms have 
been used to bolster the importance of 
specific sequences first suggested in 
gene chip comparisons including (1) 
methods at the RNA level, (2) meth- 
ods at the protein level, and (3) func- 
tional studies. 

Methods at the RNA Level 

Reverse transcriptase polymerase chain 
reaction (RT-PCR) is a method often 
used to verify microarray data. Al- 
though RT-PCR is not well suited to 
quantitation, the relative technologi- 
cal ease of this assay and the ability to 
rapidly monitor multiple samples make 
it a useful technology. 60 -* 1 Hybridiza- 
tion data can be verified and multiple 
putative markers can be screened in a 
short period. 

Several other studies have used real- 
time quantitative RT-PCR (TaqMan, 
PE Applied Biosystems, Foster City, 
Calif). 15 " Real-time PCR is a tech- 
nique that increases the quantitative 
ability of RT-PCR by providing accu- 
rate and reproducible information 
on RNA copy number (FIGURE 3). In 
this method, a fluorogenic probe 
(labeled at the 5' end with a reporter 
fluorochrome and at the 3' end 
with a quencher fluorochrome) is 
annealed to 1 strand of the target 
cDNA sequence between the forward 
and reverse PCR primers. As Taq poly- 
merase extends the forward primer, its 
intrinsic 5' to 3' nuclease activity dis- 
places and degrades the dual-labeled 
probe, releasing the reporter fluoro- 
chrome from the quencher label and 
allowing the detection of a fluorescent 
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signal that is proportional to the 
amount of PCR product generated in 
each cycle. 61 

Northern blot analysis is also com- 
monly used as a confirmational tech- 
nique, as it is a standard specific and 
semiquantitative method. "'" ,<SI For 
mRNA expressed at moderate-to-high 
levels, and for which cDNA probes are 
available. Northern blot analysis works 
well, but it is not well suited for low- 
copy mRNA.*" 5 Furthermore, only a 
small number of genes can be ana- 
lyzed with this conventional method. 

Methods at the Protein Level 

DNA micro array technology is limited to 
the study of gene expression at the 
mRNA level. However, it has been es- 
tablished that mRNA levels do not nec- 
essarily correlate with protein levels. 
Moreover, the level of expression or even 
presence of a protein is not tightly linked 
to physiological consequences. An in- 
vestigation conducted by Winzeler et al," 
for example, provides a cautionary tale. 
Their study demonstrated that genes up- 
regulated in yeast growing in minimal 
medium did not prove to be more im- 
portant for growth than genes that were 
not upregulated." They found only 2 of 
8 genes required for yeast growth in 
minimal medium to be induced. The les- 
son to be learned is that genes that are 
not differentially expressed may be of 
equal functional importance in disease 
states compared with those that are. 

Furthermore, the regulation of some 
genes maybe at the translational rather 
than the transcriptional level, which 
would preclude detection by DNA mi- 
croarrays. Posttranslational modifica- 
tion of proteins is also an important 
mode of regulation that cannot be de- 
tected by DNA microarrays. Protein ac- 
tivity, particularly receptor activity, is 
heavily dependent on phosphoryla- 
tion, for example. DNA and mRNA re- 
veal nothing about whether a given pro- 
tein is active, and can be deceptive when 
used to speculate about quantities of 
proteins, li has been demonstrated that 
the correlation between mRNA and pro- 
tein abundance is less than 0.5," em- 
phasizing that ideally, mRNA expres- 
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sion studies should be accompanied by 
analyses at the protein level. 1 * Radio- 
immunoassay and immunohistochem- 
istry have been used in a number of 
studies. ,ww ' These techniques, how- 
ever, are not well suited to detecting low 
levels of expression, and they require 
the availability of an antibody specific 
for the protein to be studied. 

The field of proteomics, the large- 
scale parallel analysis of the proteins that 
are present in a cett, is developing rap- 
idly, but has problems of its own. Pro- 
teins vary in abundance by many orders 
of magnitude within a given cell, and 
there is no PCR equivalent for the ampli- 
fication of proteins. Moreover, proteins 
fold in many known (and unknown) 
ways that affect their function. The fea- 
sibility of the microarray analysis of pro- 
teins has begun to be explored. Antibod- 
ies attached to microarrays can be used 
to bind to and quantitatively detect pro- 
teins that have been tagged with fluo- 
rescent dyes.' 0 Skeptics doubt the plau- 
sibility of identifying thousands of 
unknown proteins tn this manner. 70 The 
diverse chemistry of various proteins 
poses serious difficulties, and it will be 
challenging to And antibodies for every 
protein. Thus, although it is important 
to incorporate protein analyses into 
expressionprofilingstudies, current plat- 
forms are technically limiting. 

Functional Studies 

Confirming the role of a gene initially 
identified in a microarray experiment in 
animal models with transgene or knock- 
out studies provides a particularly pow- 
erful alternative platform. Transcript 
function, rather than mere presence, is 
addressed. However, this approach is ill- 
suited for high-throughput conditions. 
It may be ideal for an in-depth investi- 
gation or 1 or 2 genes of interest, but it 
is not practical for confirming large quan- 
tities of profiling data. 

Confirmational studies are useful to 
corroborate the biological signifi- 
cance of differential gene expression de- 
termined by microarray analysis. While 
improved databases and more reliable 
statistical models will help to lend 
greater authority to array data, alter- 
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native platforms can be used to assess 
the relevance of genes first identified by 
array comparisons. It should be real- 
ized, however, that the alternative tech- 
nologies are not intended for large- 
scale analyses. Realistically, only 
selected sequences from the array data 
can be confirmed with other plat- 
forms In the short-term, a retreat from 
the initial purpose of the genome- 
scale investigation by microarray. 

CONCLUSIONS 

Microarrays can be expected to prove ex- 
tremely valuable as tools for the study of 
the genetic basis of complex diseases. The 
ability to measure expression profiles 
across entire genomes provides a level of 
information not previously attainable. Al- 
though complicated Issues must be re- 
solved, the potential payoff is big. Mi- 
croarrays make it possible to investigate 
differential gene expression in normal vs 
diseased tissue, in treated vs nontreated 
tissue, and in different stages during the 
natural course of a disease, all on a ge- 
nomic scale. Gene expression profiles 
may help to unlock the molecular basis 
of phenotype, response to treatment, and 
heterogeneity of disease. They may also 
help to define patterns of expression that 
will aid in diagnosis as well as define sus- 
ceptibility loci that may lead to the iden- 
tification of individuals at risk. Finally, 
as specific genes are identified and their 
functional roles in the development and 
course of disease are characterized, new 
targets for therapy should be identified. 

Despite the problems of defining nor- 
mal, understanding tissue heterogene- 
ity, making arrays comparable, analyz- 
ing and archiving massive quantities of 
data, and performing confirmational 
studies in alternative platforms, expres- 
sion profiling with microarrays stands 
as a truly revolutionary technology. As 
we continue to delve into the possibili- 
ties, we will surely progress in our un- 
derstanding of current issues and com- 
plications. No doubt the ride on the 
high-throughput highway will be ex- 
hilarating. 

Author Contribution: Ms King and Dr Slnha both con- 
tributed to the conceptualization and wrltina of this 
artlde. . 
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moderate dysplasia) and 3 were sessile (1 with moderate and 2 
with focally severe dysplasia)). Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes* stage A, 6 Dukes' stage B, 8 Dukes*, stage 
C and 1 Dukes' stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were prospectively collected during 1999-2000. These 
prospectively collected tissue specimens were dissected so that 
samples contained both normal mucosa and tumor tissue and were 
obtained within 30 min following surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 hr and then paraffin embedded. The 14 archival samples 
• had also been formalin fixed and paraffin embedded. " 

Generation of honoverhipping T1MP-1 cDNA fragments by PCR 
The full length TIMP-1 cDNA (GenBank NM_003254) cioned 
in pSP64 vector 29 was used as template to generate 2 nonoverlap- 
ping PCR fragments for in vitro transcription, and named f 104 (bp 
56-378) and f!06 (bp 398-680). First, the 'whole insert (-780 bp) . 
was cut, out by digestion with Hind JJ1 and JfamHl and punned 
after agarose gel electrophoresis using the Qiaex II gel extraction ■ 
kit(Qiagen, Crawley, pnited Kingdom). To generate nonoverlap- 
ping aniisense probes and the corresponding sense probe, 2 PCR 
fragments were generated using, upstream' primers flanked by a' 
linker sequence containing an EcoRl restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5'- (gagaatt cattaaccctcactaaagggaga)-3', and down- 
stream "primers flanked by a linker sequence containing a BamJII 
restriction enzyme site and a T7 polymerase binding sequence 
5'- (ggalcc taatacgactcactatagEgag)-3' 9. The TIMP-1 specific up- 
. stream primers were 5'- acccaccatggccccctttg -3' for fl04 and 5'- 
(linker) - gcaggatggactettgcaca -3' for fl06, and the downstream 
primers were 5'- linker- actcctcgctgcggttgtgg -3' for fl04 and 5' - 
(linker) - tatctgggaccgcagggact -3'. for fl 06. PCR using the 2 ft 04 
primers of the 2 fl06 primers was done as previously described. 30 
The PCR products were purified by column chromatography 
using S-200HR microspin columns (Amersham Pharmacia Bio- 
tech, Inci, Piscatway, NJ), and their size' tested by agarose gel 
electrophoresis. Both migrated as —300 bp fragments in accor- 
dance with the predicted size (322 and 282 bp, respectively). An 
ABI. PRISM 310 genetic analyzer was employed for DNA se- 
quencing analysis and was performed according to the' manufac- 
turer's instructions (Perkin Elmer. Applied Biosystems, Foster. 
Ciiy, CA) using the primers specified above. The DNA sequences 
obtained were confirmed by comparison with the specific TIMP-1 
cDNA nucleic acid sequence (GenBank NMJ303254). 

Plasmids containing human MMP-2 cDNA (pCoI7201 , bp 647- 
1284) and human MMP-9 cDNA (pCol9202, bp 1751-2326) have 
been described elsewhere. 31 

In vitjo transcription 

Aniisense and seDse ribopr^bes were labeled with UTP 
(NEN, Boston, MA) by in vitro transcription using T7 and T3 . 
RNA polymerases (Roche, Basel, Switzerland). The DNA tem- 
plate was digested with DNase (Promega, Madison, Wl). Nonin- 
corporated "S UTP and DNA was removed by column chroma- 
tography using S-200HR microspin columns (Amersham 
Pharmacia Biotech, Inc., Piscatway, NJ). The j5 S activity was 
adjusted for every probe by dilution to 500,000 cpm/uJ. 

In silu hybridization 

In situ hybridization was performed essentially as described 
previously. 32 hi Brief, 3 u.m paraffin sections were deparaffinized 
in xylene, hydrated with graded ethanol and boiled in a microwave 
oven for 10-12 min in 10 mM citrate buffer, pH 6.0. After 
additional 20 min at room temperature, the sections were dehy- 
drated with graded ethanol and die 33 S labeled probes (2X 10 6 cpm 
in 20 n-1 hybridization mixture 31 per slide) incubated overnight al 
55°C in a humidified chamber. Sections were washed in Hellen- 
dahl chambers with SSC buffers containing 0.1% SDS and 1 0 mM 
DTr at 150 rpm at 55 °C using a Buhler incubation shaker (Jo- 
hanna Otio GmbH, Hechingen, Germany) lor 10 min in 2XSSC, 



10 min hi 0.5XSSC, and 10 min in 0.2XSSC. Sections were then 
RNase A treated for 10 min to remove nonspecificaHy bound 
riboprobe. Subsequent wash' was performed in 0.2XSSC as spec- 
ified above. Sections wi:re dehydrated and soaked" into an autora- - 
diographic emulsion (Bford), exposed for 5V7 days if not otherwise 
stated and finally developed. Sections were counterstained with 
haematoxylin and eosiri. 

Jmmunoperoxidase staining 

Immuriohistochemistry was performed essentially as described 
previously* Five micrometer paraffin sections were deparafr 
finized with xylene and hydrated through ethanol/water dilutions. 
Tissue pretreatment was performed with protease-K (5 p-g/rnl) 
digestion for 20 miri. Sections were blocked for endogenous per- 
oxidase activity by treatment with'1% hydrogen peroxide for 
15 min. The sections were washed in 50 mM Tris 150 mM NaCJ, 
pH 7.6, containing 05% Triton 'X-lOO (TBS-T). Incubation with 

r-anrif}edies-^vas-done.oyernight at4°C. Sheep polyclonal antibodies 
(pAb) against TTMP<-1 and nonimmune goal IgG were used at a 
final concentration of 4i) p-g/ml. Two monoclonal antibodies 
(MAb) against TTMP-l p NM4 (clone rTTX6A, NeoMarkersj Fre- 
mont, CA) and CalB2 (clone 147-6D1 1, CalBiohem, Oncogene 
Res. Products, Cambridge, MA), and a MAb against trinitro- 
phenyl (TNP) 3 * were all incubated at 1.0 p-g/ml (all 3 MAbs are 
IgGl). CalB2 MAb recognizes both free TlMP-1 and TTMP-l 
in complex with MlvTPs. 33 NM4 MAb only recognizes free 
TLMP-1. 33 According to the manufacturer's descriptions, both 
MAbs are raised using recombinant human TTMP-l. The. sheep 

. polyclonal antibodies were raised by immunization with TTMP-l 
purified from human clerraal fibroblasts. The IgG was obtained by 
triple precipitation using ammoninm-sulfate and characterized by 
immunodiffusion and rocket immunoelectrophoresis. 33 In addi- 
tion, we have shown that the pAb recognize both free and MMP- 
complexed TTMP-l. 36 Furthermore,' the specificity of the antibod- 
ies was analyzed by 'Western blotting analysis against recombinant 
human TTMP-l expressed in NSO mouse myeloma cells. Here, the 
antibody preparation recognizes a band of approximately 28 kDa 
in accordance with the molecular weight of TTMP-l. To certify 
that the pAb recognise TTMP-l in colon tumors, the antibodies 
were immobilized on a sepharose column. Total protein extracted 
from 3 colon adenocarcinomas was passed through the column 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot using a TTMP-l monoclonal antibody (MAC15). A 
single band of approximately 28 kDa was revealed in accordance 
with the molecular weight of TTMP-l (results not shown). In 
immunohistochemistry, the sheep pAb were detected with biotin- 
ylated rabbit-anti-goat IgG, which cross-react with sheep IgG 
(1:100, code E466, DakoCytomation) followed by horseradish 
peroxidase in complex with streptavidin (code K377, DakoCyto- 
mation). The MAbs were detected with the Envision-mouse re- . 
agent (EnVision reagent, K4003, DakoCytomation), followed by 
tyramine amplification, using biotinyl tyramine substrate as-spec- 
ified by the' manufacturer (Nen, Boston, MA). Sections were - 
developed with Noy:iRed substrate as specified by the manufac- 
turer (Vector Laboratories, Burlingname, CA) for 15 min. Finally, 
sections were counterstained in Mayers haematoxylin, dehydrated 
in ethanol and mounted. 

Combined in situ hybridization tmd immunohistochemistry 

Double labeling by combining in situ hybridization and unrnu- 
nohisiochcmistry on paraffin sections has been described previ- 
ously. 32 In brief, using MAb against a-sm-actin (clone 1A4) 
diluted 1:1000. against cytokeratin (clone AE1/AE3) diluted 
1:1000. or against CD68 (clone PGM1) diluted 1:200, sections • 
were incubated for 2 hours at room temperature and then delected 
with anti-reouse-IgG/horse radish peroxidase-conjugated polymers 
(Envision-mouse reagent, DakoCytomation, G)ostrup : Denmark). 
Sections were developed with diaminobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in situ hybridization, 
which was performed as described above using the aniisense 
piobes of flO-4. Sections were coimieislained with hoematoxyliD. 
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Results 

• Analysis of T1MP- J. probes and antibodies for in situ 
hybridization and immunohislochemistry 

m^frof 1 . 0 ^^ d ^ n ° sis 0f Fospectively collected sped- 
cinomas, J villous adenoma and 1 malignant lymphoma. "S- 

s^sfr™^ 65 Cd by m W^tion on adjacent 
sectH*js from 5 of the colorectal adenocareinomas The 2 antisemr 

ssairfi ti dM f 31 bybrid ™ » * 

c^cer rel ^P^"' Wounding the invading 

S by flMpT nrS.- " 016 ™M:**NA was accom- 
P^oled^'il ^ eXprCSS, - 0n - ^""ohistochemistry was 
pertonned on 8 of the adenocarcinomas (inchidin» the 5 men 

El antlbbd,eS ° n se <^ s adjacent to 
. 1 hybridized sections. The T1MP-1 mRNA and 

anTmdpl Sfe ^\ ,Dch)dm S * e ™«gnMt lymphoma. The 
anti- J JMP-1 polyclonal antibodies did not lead with other 

w^e weSSv^ T C "rf 1 aDd mah * ua » =Pi«h^ial cells C 

im> airected against the synthebc hapten trinitrophenyl (TNP). 

■ ■Jl^t^^X™™* W f *« to the remain- 

«i„ y. colorectal lesions by m am hybridization. TJTMP-] mRNA 
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expression was ,n all the cases of colon adenocarcinoma finclnH- 
Aose ment.oned above) highly expressed in .SfcSSS 8 
cells located at the invasive froht (Hg. ^d) TUvff j | ntpwf 
signal was also observed in fibroblastic oils Jom^i^?^ 
tumor stroma towards the colonic Inmen in 8 of 10 W wh2* 
^ussne smicture was present (data not sh™„) N Tor ^ 
TTMP-J mRNA was detected in the centra] pan of the camwT 

Z few?. ~«^-l*e cells sZun^e t a : 
2 ™ " 0nnal a »° ^./) in 3 ont of 6 cases tLted with 
extended exposure trme (10 days »s. usually 5 days) h, uVvilu 
adenoma, we saw only a few TTJvfP l ™pwa ^V; 1 " me v, "ous 

smooth muscle cells or v^cnttlls " '° mCBr CeDs - 




•1^^ t.ta^t^* I -"over.a P p iBg n W p:i 
colon adenocarcmorna we/ e h™££ H ^ V ,aCe " 1 SeC,ions from a 
labeled nntisose probes Z T Z^t^T, innfirT 1 "?^ 8 * 
and a correspond;^ TIMP- S „ J pZe f ( f 1HM WJ 
bndrzauon signal is identifiM ,t w ? •• ' 6 (c) ' ^ ■"'"'-hy- 
in brishtfield («) and asTwhf,, S, 'r r , S i a,DS aDd demonstra.ed 

™e 2 antisense probe show £ i""™ 3 '-" <M* 

hybridization sisria) is seen m tfe « b ^ ,d ; za,10n P a «m and the 
whereas no specific sfgnJl e „ ^ <am>W ? ?■> Md 
>hc 7TMP- 1 ,nRNA siSis k ? t I , " P ' 0be (c) ' No,e ,haI 
S.) s UTOB nd; ng .,h e ^;^ K c V^*S '™w *wma {indicated by 



Characterization of TIMP-l mRNA expressing cells 

b« cSis SeT,K ,S T CSS t d by '^o^ssociated^bro^ 
masi ujee cells located throughout the tumor stroma, which are 

a^ac„tT,r r0b,aS,S ;! 0miI> - 1 -RNA.wasde^d*^ 
ves^ s TeCin^ Sm ^ ,b . niu ^ I - e cells, including those of 

Z?.hanTo w xi^ 01 ] • lD 3 -° f 1116 ad «ocarcinomas, 

the inv^Kno JJMP -' mRNA-positive cells located close to 
™£T m *SiA CanC " "'i 5 W£rC a -^actin-posi,ive (F,g 4) 
fr^i - P0S " 1Ve fibl oWast-iace cells located more distan 

^o^oT s rar e m C i e 'ad- « d 

could t id P ", f H 6 fr0nt ° f 0,6 minor - No "MP"" niRNA signal 
could be identified m any of the CD68-positive cells (Fig. 4) 

^"sion of TiMP- J and MMP-2 and 9 in colon cancer 

MMP-2 and MMp.o 2r( . o ^ rv - n 
invasive c™r„ ,■ 7 ' coI,a ? e nases expressed in the 

S^h^b^. / C0)0reC ' al ade "^ino m as. Thus 

mTe cancer !L P T d '° CXpiCssed b > «bf oblas.-lUce cells 

eadi DO eZe of T • • MMP " 9 ^ ™phages at Ce 

the expression of MMp.9 mRNA » J "r ,n 5. lu mor, wnereas 

areas stiow.no H„V ^ 3S Jno?l )n,CDSe 'be central 

(Mo- MMP-9 mRNA expressing cells were found n, ,he 
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Figure 2 - In situ hybridization and irrrmunohistochemistry for T1MP- ] in human colon cancer. (/I) Twoadjaeeni sections from a human c °l° n 
adenocarcinoma were incubated with polyclonal antibodies against T1MP-) (a,c) arid a TIMP-1 mRNA antisense probe (b). The TIMP-1 
immunoreacrivity (red-brown color, arrows in a and c) and the TTMP- ] mRNA (silver grains, jjtows in b) are identified in the same cells (arrows 
in a.b). Immunoperoxidase staining with theTIMP- 1 pAb' reveals the T1MP- J -positive cells as fibroblast-like cells (arrows in c) located in the 
stroma (St). No TIMP-1 imrnonoreaciivity is seen in cancer cells (Ca). a.b: bars - 50 u.rn:; c: bars =13 pjn. {B) Four consecutive adjacent 
sections were incubated with CalB2 MAb anti-TlMP-l (a), MM4 MAb (b). sheep ami TIMP-1 pAb (c) or mouse ami TNP id). The 3 MAbs 
were detected with Envision reagent followed by TS amplification and the sheep pAb with biotinylated rabbit anti-goat followed by 
HRP-conjugated streplavidin (see Material and methods). The 3 TIMP-1 antibodies react with the same cells (arrows). No immunoreacuvity is 
seen when the sections are incubated with anti-TNP. 



invasive front like those expressing TIMP-1 mRNA but with a 
distinctly different distribution. Foci with high expression of 
TIMP-1 mRNA were not accompanied with increased expression 
of MMP-9 mRNA and vice-versa (Fig. 56). Thus, TIMP-1 mRNA 
expression is not coregulated with MMP-2 or MMP-9 mRNA 
expression. 

T1MP-] in adenomas and Oukes' stage A carcinomas 

TIMP-1 antigen can readily.be measured in blood and we have 
previously reported that levels of TIMP-1 in blood are significantly 



elevated in colorectal cancer patients compared to healthy donors, 
and that high plasma T1MP-) levels are associated with short 
survival of colorectal cancer patients.-'-' 6 TIMP-1 has therefore 
been suggested to be a novel marker for detection of early stage 
colorectal cancer and for prognostic stratification- of colorectal 
cancer patients''- 3 * These findings, together with the characteristic 
expression pattern of TIMP-I at the invasive front of virtually all 
the colon cancers and the absence or minute TIMP-I expression in 
normal and benign colon mucosa, prompted the evaluation of 
TIMP- 1 expression as a marker for early invasive colon cancer. 
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Figure 5 - In situ hybridization for TTMP- 1 , MMPr2 and MMP-9 in 
human colon cancer. (/!) Adjacent sections were incubated with probes 
specific for TTMP-1 mRNA (fl,c) and MMP-2 mRNA (MX respec- 
tively, and is shown in brighrJield (o,6) and darkficld illumination 
(c.d). The TIMP-] mRNA signal increases towards the subrpucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most intense 
in the central areas (Ca). {B) Adjacent sections were incubated with 
probes specific for T1MP-] mRNA (a.c) and MMP-9 mRNA (b.d), 
respectively, and is here shown in brightfield (o.fc) and darkfield 
illumination (c.d). Both the TlMP-l mRNA signal and the MMP-9 
mRNA signal are most intense at the invasive from towatds the 
submucosa (Sm), but their expression patterns are quite different, with 
MMP-9 showing die most restricted expression. Bars = 100 u- m - 



cDNA fragments and specific pAb and MAbs against human 
TIMP-1. The TlMP-l mRNA signal in all colorectal adenocarci- 
nomas investigated was seen in fibroblast-like cells located in the 
tumor periphery. An identical hybridization partem was observed 
with the 2 antisense T1MP-) probe.s and application of comple- 
mentary sense probes on, neighboring tissue sections as negative 
controls did not result -in any hybridization signal; therefore, we 
conclude that the hybridization signal generated with the antisense 
probes represents the genuine TTMP-1 mRNA. DMP-l immtino- 
icaciivity was also distinctly located in fibroblast-like stroma) cells 
injhe.iumor periphery, and these cells were identified to be the 
same cells as the TlMP-l mRNA expressing cells. A piepaiation 
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of sheep pAb against human TIMP-1 33 and 2 Veil-characterized 
MAbs stained the very same cells in the tnrhor stroma. Weak 
staining -of the apical surface of some normal and malignant 
epithelial cells was observed with the pAb in some -of the samples. . 
No staining was obtained when the anti-TJMrM antibodies were 
substituted with nonimiaune goat serum or anti-TNP MAb mO* 
bated at the .same concentrations. These iimtitmohistochemical . ' 
findings strongly suggest that the- TTMP-1 antigen detected in the 
fibroblast-like cells represents the genuine TTMP-1 protein. 

In our study, we found TTMP-1 mRNA expression in stromal 
fibroblast-like cells located in the tumor periphery in all colorectal 
adenocarcinomas tested, whereas no expression was detected in . 
the. cancer ceils jn..any-of the cases tested.' This finding is in 
agreement with studies by Zeng and colleagues,' 120 but is partly in 
disagreement with findings by Newell and colleagues. 27 In addi- 
tion to TTMP-1 mRNA signal in fibroblast-like cells in the tumor . 
peripher y, Newe ll and colleagues 27 detected a weak TTMP-1 
mRNA signal iii both tenign and malignant epithelial cells." This 
observation "was, however, based on the use' of probes .from- a 
. iingleTTMP-1 cDNA subclone and no additional controls; to verify 
the expression pattern. -The difference between our results and 
those of Newell and colleagues may be explained by methodolog- 
ical differences, since the procedure employed by Newell and 
colleagues was in several steps different from the one used in the 
present study, e,g., Newell and colleagues used 3 H-labeled probes, 
whereas .we used 35<~labeled probes. It is in this context notewor- 
thy that in order to look for a low expression level of TTMP-1 
mRNA, we performed in situ hybridization experiments with pro- 
longed exposure time (10 days vj. usually 5 days) with both' our 
TTMP-1 antisense probes and both TTMP-1 sense probes, but with 
this challenge we did not detect any TTMP-1 mRNA in any 
epithelial cells. It cannot be excluded though that the TTMP-1 
mRNA is expressed in epithelial ceils below the detection limit of 
our in situ hybridization procedure. 

An interesting observation in our study was the characteristic 
intense TTMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while little or no expression 
was seen in the center of the carcinomas. Only in the colorectal 
lymphoma did we find TTMP-1' mRNA and protein expression in 
fibroblast-like cells located throughout the tumor tissue. The 
TTMP-1 expression pattern in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues," who found that the T1MP-T staining in most colorectal 
adenocarcinomas wes equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TIMP-1 
signal intensity towards the tumor periphery. This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employe! cryostat sections, while we analyzed paraffin 
sections. ' . 

The T1MP-J expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TTMP-1 mRNA and 
inimunohistochemistry for a-sm-actin, we found that many, gen- 
erallv more than 5(1%, of the TTMP-1 mRNA positive cells coex- 
piessed a-sm-actin. According to the cellular morphology of the 
T1MP-T expressing cells and their localization in the invasive 
front, we could conclude that die cells were myofibroblasts and not 
smooth muscle cells. 

The myofibrobhisi is a cell type present in the normal colon 
mucosa, that originally was described as a pencryptal hbro- 
blast 3, - , ° and later was identified with antibodies against a-sm- 
actin. 37 In the lamina propria, the myofibroblasts form a continu- 
ous cell layer just below the intestinal epithelium. The pencryptal 
myofibroblasts are: phenotypically different from "Jie neighboring 
quiescent interstitial fibroblasts that do not express markers ol 
smoodi muscle cells/' During early steps of colonic tumongenesis 
the number of myofibroblasts is significantly increased.- 1 the 
TIMP-1 expressing myofibroblasts may be generated after activa- 
tion of me pencryptal' myofibroblasts ond/or the quiescent inter- 
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stilia] fibroblasts. Adegboyega and colleagues" hypothesized that 
the- tumor-assodated myofibroblasts origfnate from the quTescen 

cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the TTMP-1 mRNA exp," ssb" 
fibroblast-hlce cells a-sm-actin-positive and someliS^ 

Several MMPs including MMP-2, MMP-1I and MMP-14 are 
"broblast-like cells in human colon canceV-^ 
nb^llu T y ,ndeed ra y ofib ^las.s. The role of the (myo-) 
fibroblasts in colon cancer progression is not known. Since TQ^Vm 
human colon cancer appears only to be expressed by fitoblast-ik" 
cells most of which are myofibroblasts, and since high TTMP levels 
measured ,„ blood or rumor exacts from colon cafcerZien s tl 
wilh ^'Prognosis-'-^ i, cou.dVtgu" 

L H emiC t' l 0 ""'"" 0 ". of proteins involved 

in the act, vauon and regulation of the efficient serine protease olas- 
tnmogen, mcluding tnokinase plasminogen activate S Jts 
sr^cific mhib.tor PA1-1 show mat both are mainly expressed bv 
?£ art xT™ ,™ CanCe ' - 'e'cls ofTpfan 
ce7™ suor^ no ^ COrl a ' ed "" h **** pro S" osi5 » bre ™ ^ 
womotine TT S asSurt P Uon «* myofibroblast express a 

p S»tn C3nCCr mVaS ° n - WC reCem,y (e P° ned lh: » 
predomman, PAJ- 1 expressing cell in human colorectal cancer uKo is 

^s^ooethe?^ ^ '""T aSS0Cia,ed wilh P°°' P'osno- 
rnn,Hh f ^ find "* SS md,Ca,e thal "iyofib.obl.-tstsa,e stron-lv 
conunb ,„g to the expression of proteins involved in the ,e» I S 

aXe.a^ 

aos^'p, ^ "* "* 

„ n , , . iiiKlxA in 4 of 7 adenomas, whereas in all of 

fih 1" ■ n 8C A Ca,cin0m3s TIMP-1 hiRNA was expressed ,n 
fib.0blasi-l,ke cchs along me invasive front. I„ the 9 S 
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TTMP-1 mRNA positive cells were confined to a single focus with 
locally mcreased inflammation related to the dysplastic epithelium 
Evident dtsrupuon of the dysplastic epithelium was observed in X 
adenoma w,th most mtense TJMP-1 mRNA signal. Intestinal in- 

frTHr, T i diSn,pti °" ° f * e raucous epithelium 

bat leads to focal leakage of mucinous colon material into the 
lamina propna. Increased intestinal permeability is a common 
deficiency ,n Crohn s disease and interestinsly T1MP-] mRNA 
was found m the intestinal granulation tissue of John's disease™ 
and ,s expressed by myofibroblasts isolated from Crohn's dis^ 
ease.*' Induction of TJMP-1 j„ myofibroblasts in a benion or 

MMp!c ) , Ve ^ m0r alS ° U 3 ,eS P° ns f ,0 ,oca "y ! "^asea 
MMP activity or a response to the presence of a specific MMP in 
the local microenv.ronment. MMP-2 and MMP-9 mRNA expres- 
sion however, did no. appear .0 be cpregulated with TTMP-1 
MM?- n P r '™°»>» 'he colorectal adenocarcinomas. Specific 
MMPs may indeed be involved in the transition of noninvasive to 
m asive disease; in studies of preinvasive lesions (ductal carcino- 
mas ms,,u) 1 of the human breast we recently reported that MMP-13 
■s specfically expressed in myofibroblasts associated with micro- 
mvasive events.- Future studies may clarify whether TIMP-1 
S'™ "l C ° ,0rec ' al ade nomas is conelated with expression of 

loot f P i V a Whe ' her T1MP -' Cr ' n be use d « a his.opn.ho- 
logjcal marker for malignancy in colorectal tumors. 



Acknowledgements 

•,„,Th^ ha " k Dl 6 T.^^ pby for ' hc T1MP -' C DNA, ihe polyclonal 
ant.bod^s against TIMP-1, MAC); an<l recombinant TIMP-1 We 
are gratelul ,0 P.G. Knudsen and C: Unborg for their excellent 

I, t w SS ' S,anCe - '° L ■"■ E "? e) "olm for desisnin., ,he 
p., me s. We apprecate the ci.ical comments. to the an.de by Dr._ 
O. Kelleimann. J 



TIMP ) EXPRESSION IN THECOLOH 



205 



References 



1. . Liotta LA, Steeg PS, Steder-Stevenson WG." Cancer metastasis and 
angiogenesis: an imbalance of positive and negative regulation. Cell 
1991;64:327-36 

2. Stetler-Stevenson WG, Yu AE Proteases in invasion: matrix metal- 
lopioteinases. Semin Cancer Biol 2001;11:143-52.' 

3. -Murphy G, Kotliris P. Came AF. Dissociation, of tissue inhibitor of 

metalloproteinases (TIMP) from enzyme complexes yields fully ac- 
tive inhibitor. Biochnn J 1989;261:1031-4. 
4; Welgus HG, Strickhn GP. Human skin fibroblast collagenase inhibi- 
tor. Comparative studies in human connective tissues, serum, and 
amniotic fluid. J Biol Chem 1983;238:12259-64..- 

5. Khotha R, Waterhpuse P. The role of tissue inhibitor of roetallopro- 
teinase-1 in specific aspects of caDcer progression and reproduction. 
1 Neurdoncol J99^;l'8:123-7. 

6. Docherty AJ, Lyons A, Smith BJ, Wright EM, Stephens PE, Harris . 
TJ, Murphy G, Reynolds JJ. Sequence of human tissue inhibitor of 
mctalloproteinases and its identity to erylhroid-pbtentiarin" activity. 
Nature 1985.3 18:66-9. ' 



23. 



T- Guedez'L,. Couitemanch L, Sletler-Stevenson 'M. Tissue inhibitor of 
metalloproteinase (TJMP)-i induces differentiation and an antiapop- 
' totie phenotype in germinal center B cdls. Blood 1998;92:1342-9. 

8. Hewitt RE, Brown KE, Corcoran M, Steder-Stevenson WG. Increased 
expression of tissue inhibitor of mctalloproteinases type 1 (ITMP-I) 
in a more tumonrigenic colon cancer cell line. J Pathol 2000; 192: 
455-9.. 

Guedez L, Stetler-Stevenson WG, Wolff L, Wang J, Fukushima P, 
Mansoor A, Steder-Stevenson M. In vitro suppression of programmed 
ceD death of B cells by tissue inhibitor of metalloproteinases-1. J din 
Invest 1998;102:2002-10. 

Li G," Fiidman R, Kim HR. Tissue inhibitor of metalloproteinase-1 
inhibits apoptosis of human breast epithelial cells. Cancer Res 1999; 
59:6267-75. , 

Jiang Y, Goldberg ID, Shi YE Complex roles of tissue inhibitors of 
metalloproteinases in cancer. Oncogene 2002;21:2245-52. 
Zeng ZS, Guillem JG. Distinct pattern of matrix metalloproteinase 9 
and tissue inhibitor of metalloproteinase 1 mRNA expression in 
human colorectal cancer and liver metastases. Br 3 Cancer 1995:72: 
575-82. 

Gomez DE, Alonso DF, Yoshiji H, Thorgeirsson UP. Tissue inhibi- 
tors of metalloproteinases: structure, regulation and biological func- 
tions. Eur J Cell Biol 1 997;74: 1 1 1--22. 

Guillem JG. Levy MF, Hsieh IX, Johnson MD, LoGerfo P, Forde 
KA, Weinstein IB. Increased levels of pborbin, 6-myc, and ornithine 
decarboxylase RNAs in human colon cancer. Mol Carcinog 1990J: 
68-74. 

1 5. Lu XQ, Levy M, Weinstein IB, Santella RM. Immunological quanti- 
tation of levels of tissne inhibitor of metalloproteinase-1 in human 
colon cancer. Cancer Res 1991;51:6231-5. 

Mimori K, Mori M, Shiraishi T, Fujie T, Baba X, Haraguchi M, Abe 
R, Ueo H, Akiyoshi T. Clinical significance of tissue inhibilor of 
metalloproteinase expression in gastric carcinoma. Br J Cancer 1997- 
76:531-61 

Fong KM. TTMP1 and adverse prognosis in non-small cell lung 
cancer. Clinical Cancer Research 1996;2:1369-72. 
Ree AH, Florenes VA, Berg JP, Maelandsmo GM, Nesland JM, 
Fodstad O. High levels of messenger RNAs for tissue inhibitors of 
metalloproteinases (T1MP-1 and T1MP-2) in primary breast carcino- 
mas are associated with development of distant metastases. Clin 
Cancer Res 1997-3:1623-8. 

Hewitt RE, Leach IH, Powe DG. Clark JLM, Cawston TE, Tumer DR. 
Distribution of collagenase aod tissue inhibitor of metalloproteinases 
(TIMP) in colorectal tumours, bit J Cancer 1991;49:666-72. 
Zeng ZS, Cohen AM, Zhang ZF, Stctler-Slevenson W, Guillem JG. 
Elevated tissue inhibilor of metalloproteinase 1 RNA in colorectal 
cabcer stroma conelates with lymph node and distant metastases Clin 
Cancer Res 1995;1:899-906. 

Hoiten-Andersen MN, Stephens RW, Nielsen HJ, Murphy G, Chris- 
tensen IJ, Stetier -Stevenson W, Brunner N. High preoperative plasma 
tissne inhibitor of metalloproteinase-1 levelsare associated with short 
survival of patients with colorectal cancer. Clin Cancer Res 20006- 
4292-9. 

Oberg A. Hoyhtya M, Tavelin B, Stealing R, Lindmark G. Limited 
value of preoperative serum analyses of matrix metalloproteinases 
(MMP-2, MMP-9) and tissue inhibitors of matrix metalloproteinases 
(TIMP-], TIMP-2) in colorectal cancer. Anticancer Res 2Q002O 
1085-91. 

Pellegrini P. Contasta I, Berghella AM. Gargano E, Mammarella C, 
Adomo D. Simultaneous measurement of soluble carcinoembryonic 
antigen and the tissue inhibitor of metallopioteinase T1MP1 serum 
levels for use as markers of pre-invasivc to invasive colorectal cancer 
Cancer Immunol Inmiunotlier 2000;49:388-94. 



24. Grondahl-Hansen J, Christensen U, Rosenq'uisl C, Brunner N 
Mouridsen HT, Dano K, Bhchert-Toft Mi High, levels of rjrokinase- 
type plasminogen activator and its inhibitor PAI-J in cytosolic ex- 
tracts of breast carcinomas are associated with poor proEnosis. Cancer 
Res 1993;53:2513-21. . . 

Nielsen HJ. Pappot I); Christensen H, Bronnei.l^yThbriadnsr-Ussing 
O, Moesgaard F, Dano K, Grondahl-Hansen J. Association between 
plasma concentrations of plasminogen activator inhibitor- 1 and sur- 
vival in patients with colorectal cancer. J3MJ 1998;316:829-30. 
Wind T, Hansen M, Jensen JK; Andreasen PA>.Tbe molecular "basis 
for antj-pioteolytic arid non-proteolyric functions of plasmino°en ac- 
tivator inhibitor type-1: roles of the reactive centre loop, the shutter ■ 
region, the flexible joint region and the small. serpin frasmenL Biol 
aern 2002^8321-36;- - • " .. ■ 
Newell KJ, Witty JP, Rodgers WH, Matrisiaii LM. Expression and 
localization of matrix rdegradmg meuUoprbteinases during colorectal 
tpmorigenesis. Mol C^rcinog 1994;10:l o 9-2p6. ' 
Tomita T. Iwata K . Matrix metaDoproteinases and.tissue inhibitors of 



25. 



26. 



27. 



28. 



9. 



10. 



11. 



12. 



13. 



14. 



16. 



17. 



18 



19. 



20. 



21. 



43 



metalloprotemases in colonic adenomas^adebbbarcinbmas. Dis Colon 
. Rectum 1996;39:1255-64. 

29. O'Shea M, WOlenbrock F, WDliamson RAi Cociett ML Freedman 
RB. Reynolds JJ. Docberty AJ, Murphy. G. Sitevdirected-ninlations 
that alter, the inhibitory activity of the tissue inhibitor of metallopro- 
teinases-1: important* of the N-tennina] region . between cysteine 3 
and cysteine 13. Biochemistry 1992-31:10146t-5Z 

30.. Engelhohn LH, Nielsen BS, Netzel-Arnett S, Solberg H, Chen XD, 
Lopez Garcia JM, 1-opez-Otin C,' Young MF, Birkedal-Hansen H; 
Dano K, Lund LR, Behrendt N, et al. The urokinase plasminogen 
activator receptor-associated protein/endol80 is coexpressed with its 
interaction partners urokinase plasminogen activator receptor and 
matrix metalloprotease-13 during osteogenesis.- Lab Invest 2001-81: 
1403-14. . 

Pyke C, RalBriaer E Hnhtala P. Hurskainen T, Dano K, Tryggvason 
K. Localization of msssenger RNA for Mr 72,000 and 92,000 type IV 
collagen ases in human skin cancers by in situ hybridization. Cancer 
Res 1992;52:1336-41. 

' Nielsen BS, Rank F, Lopez JM, Balbin M, Vizoso F, Lund LR, Dano 
K, Lopez-Orin C. Collagenase-3 expression in breast myofibroblasts 
as a molecular marker of transition of ductal carcinoma in situ lesions 
to invasive ductal carcinomas. Cancer Res 2001;61:7091-100. 
Holten- Andersen MH, Brunner N, Maimonis P, Jensen V, Mmphy G, 
Piironen T. Characterization of monoclonal antibodies to tissue inhib- 
itor of metalloproteinases-1. Journal of clinical ligand assav 2002^25: 
87-90. 

Sbulman M. Wilde CD, Kohler G. A better cell line for making 
bybridomas secreting specific antibodies. Nature 1978;276:269-70. 
Hembry RM, Murphy G, Reynolds JJ. Immuholocahzation of tissue 
inhibitor of metalloproteinases (TTMP) in human cells. Characleriza- 
rion and use of a specific antiserum. J Cell Sci 1985;73:105-19. 
Hoiten-Andersen MN, Murphy G, Nielsen HJ; Pedersen AN, Chris- 
tensen V, Hoyer-Hansen G, Brunner N, Stephens RW. Quantitation of 
TTMP-1 in plasma o:f healthy. blood donors and patients with advanced 
cancer. Br J Cancer 1999;80:495-503. . 

Sappino AP, Dietrich PY, Skalb" O, Widgren S, Gabbiani G. Colonic 
pericrypta) fibroblasts. Differentiation pattern in embryogenesis and 
phenotypic modulation in epithelial proliferative lesions. Virchows 
Arch A Pathol Anal: Histopathol 1989;415:551-7. 
Nielsen BS, Timshel S. Kjeldsen L, Sehes'ted M. Pyke C, Borregaard 
N, Dano K. 92 kDa type ]V coUagenase (MMP-9) is expressed in 
neutrophils and mai^ophages but not in malignant epithelial cells in ■ 
human colon canceir. Int J Cancer 1996;65:5'7t-62. 
Hoiten-Andersen MN, Christensen IJ. Nielsen HJ, Stephens RW, 
Jensen V, Nielsen OH, Sorensen S, Oveigaard J, Lilja H, Harris A, 
Murphy G. Brunner N. Total levels of tissue inhibitor of metallopro- 
teinases 1 in plasma yield high diagnostic sensitivity and specificity in 
patients with colon cancer. Qui Cancer Res 2002;B;156-i64. 
Kaye Gl, Lane N, Pascal RR. Colonic pericryplal fibroblast sheath: 
replication, migration, and cytodifferentiaiibn of a mesenchymal cell 
system in adult tissue. 11. Fine structural aspects of normal rabbit and 
human colon. Gastroenterology 1968^4:852-65. 
Adcgboyega PA, Mifflin RC, DiMari. JF, Saada Jl, Powell DW. 
Iinmunohistochemical study of myofibroblasts in normal colonic mu- 
cosa, hyperplastic jjolyps. and adenomatous colorectal polyps. Arch 
Pathol Lab Med 2002:126:829-36. 

Poulsom R. Pignatelli M, Steder-Stevenson WG, Liotta LA. Wright 
PA, Jeffery RE Lmscroft JM. Rogers L, Stamp GW. Stromal ex- 
pression of 72 kda type IV collagenase (MMP-2) and TIMP-2 mR- 
NAs in colorectal neoplasia. Am J Pathol 1992;141:389-96. 
Rouyer N, Wolf C. Chenard MP, Rio MC, Chambou P, Bellocq JP, 
Basset P. Slromelysin-3 gene expression ui human cancer: on over- 
view. Invasion Metastasis 1994;14:269-75. 



31 



.32. 



33. 



34 



35. 



36. 



37 



38. 



39. 



40. 



206 



£ expressed m stroroaf cells of human colon, break andS'S 

Johns™ M 't^ e 1 fc M l- DUDn ?' Rank F - T >™*><* S. Rygaard J, 
snSadii^ ^ }* ofanas,: Plasminogen activator is locked in 

S Omeaarrt ,a%° ' 1 i7 e i" ansen G ' Rank F - HaiDflton-Dutoit 

HT, Dat,oK bX«™ HW^T? C U BlUnner N - Movaidsa, 
.. ^. DJicnot 1M. High levels oruroMnase-tjpe plasminogen 



HOL7TN-AMDERSEN ET AL. 



activator and its inhibitor PAW ; n cytosolic extracts of br M « • 




■J3i . "'- •■ 



\Q 




/ 



Journal 



)j Cancer 




International Union Against Cancer 



I. Sefhun, President (USA) 
LJ: Denis, Treasurer (Belgium) 
■ J. BAmr, Chair, Finance Committee (USA) 

G. Brien (Australia) 

R.C. Burton (Australia) 

M-Daube (Australia) 

KLA. DlNSHAW.Cbidia) 

L. Elovadoo (Finland) 

MJC. GosporMROWicz (Canada) 

R.J. Hudson (Ireland) 

T. Ki ja u a w a (Ja pan) * : — 

A. Pundaux KliiutURE (India) 

RJEi Lenhard (USA) 

A, Ixombart-Bosch (Italy) 



©uiec 

global cancer control 



COUNCIL 



M: Luwia (Indonesia) 

C- Malunson (UK) . 

LH. Marches) (Brazil) 

HJv Mickelson (USA) 

K. NrtssoN (Sweden) 

S. Omar (Egypt) 

T. PHiLff (France) . 

RRDBINSOW, Past President (Israel) 

Y. Salocoee (South Africa) 

H. Sancho-Garnier (France) 



RJ. Schweitzer' (USA) 
O. Sorhde (Norway) 
K. Tajma (Japan) 
W. Weber (Switzerland) 
. S. Wilkinson (UK) 
D. Zaocs (USA) 
D. Zajudze (Russia) 
Y. Hut Zhang (China) 
M. Ziv (Israel) 
H. zur Hausen (Germany) 



UICC, URL: httpJAvww.nicc.org 
U1CC, E-mail: info@nicc.oig 



The International Union Against Cancer (UICC) is tooled exclusively to all aspects of the world-wide fight against lancer. Its objectives arc lo advance scientific 
and medical luiowledgc in research, diagnosis, treatment and prevention of cancer, and lo promote aJJ other aspects of the c-impaign a-ainsl cancer Ihrousbxrol the world. 
'Particular emphasis is placed on professional and public education. 

Founded in 1533. the UICC is a Wgovemrncntal, independent association of more than 290 mcmbei organizations in over 80 countries Members are vohmiary 
cancer leagues and societies, cancer research and/or treatment centers, and in some countries ministries of health. 

h vIlT- mC 9j* DM> -P"> fil . non-political, and non-sectarian. Its headquarters arc in Geneva, Switzerland. It creates and carries out programs around the world in 
collaboration with hundreds of volunteer experts. Supported by membership dues, national subscriptions, grants and donations, its annual budget is about US $4 rnillibn. 
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